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Preface 

Thla  report  contains  the  recommendations  for  future  scattering 
research  as  developed  by  the  participants  in  the  National  Conference  on 
Electromagnetic  Scattering  held  at  the  University  of  Illinois  at  Chicago 
Circle  on  June  lU-18,  1976. 

The  editor  of  this  report  wishes  to  thank  all  Conference  participants 
for  their  contributions  and  in  particular  the  Air  Force  Office  of  Scientific 
Research/RM  (Program  Manager:  Or.  Robert  N.  Buchal)  for  its  financial 

support  of  the  Conference. 


Piergiorgio  L.  E.  Uslenghi 
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HTTRODUCTIOM 

A National  Conference  on  Electromagnetic  Scattering  was  held  in 
Chicago  in  June  1976  with  the  aupport  of  the  United  States  Air  Force 
Office  of  Scientific  Research.  The  purpose  of  the  Conference  was  to  bring 
together  researchers  from  Air  Force,  Army  end  Navy  laboratories,  from 
universities  and  from  industry  to  discuss  the  present  state  of  the  art  and 
future  research  developet^nts  in  electromagnetic  scattering,  in  order  to 
maxisdze  the  usefulness  of  this  research  area  to  the  development  of 
effective  aerospace  systems.  Three  documenvi  originated  from  the  Conference: 
a volume  of  proceedings  containing  the  summaries  of  some  80  invited  and 
contributed  papers , a book  on  Electromagnet ic  Scattering  containing  over 
20  contributed  chapters  on  selected  topics  of  special  interest,  and  the 
present  report  which  contains  the  recommendations  for  future  research  in 
scattering  that  were  developed  by  11  panels  of  Conference  participants. 

The  reports  of  chairmen  of  these  11  panels  are  here  reproduced  as 
submitted,  with  only  minor  editorial  changes.  Any  atteapt  to  generate  an 
ordered  list  for  future  research  in  scattering  out  of  the  panels'  recom- 
mendations would  Inevitably  contain  the  bias  of  whomever  generates  the 
list.  Thus,  the  editor  of  this  report  has  refrained  from  rank  ordering 
the  research  priorities  Indicated  by  the  various  panels. 

There  are  some  general  recommendations  which  were  agreed  upon  by  a 
large  number  of  Conference  participants,  either  in  discussions  during  the 
four-day  Conference  or  in  written  inputs  sent  to  the  editor  at  a later 
time.  It  is  ^ipropriate  to  list  these  general  recommendations  in  the  following: 

1.  It  was  felt  that  insufficient  interaction  presently  occurs  between 
researchers  in  universities  who  are  largely  responsible  for  developing  new 
scattering  techniques  and  tbs  users  of  these  new  techniques  in  govemswnt 
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and  industrial  la;x>ratories.  It  was  suggested  that  fellowships  should  be 
generated  to  allow  university  faculty  (perhaps  during  their  sabbatical 
leaves)  to  visit  Air  Force  laboratories  for  extended  periods  of  time,  thereby 
interacting  with  their  researchers  and  gaining  a direct  insight  into  the 
problems  that  the  developers  of  aerospace  systems  are  faced  with. 

2.  It  was  felt  by  most  Conference  participants  that  conferences  of 
the  type  organized  in  Chicago  should  be  repeated  at  periodic  intervals 
(perhaps  every  three  to  five  years)  at  different  locations  around  the 
country.  A particularly  attractive  possibility  would  be  to  hold  such  a 
conference  on  a rotation  basis  among  the  Air  Force  laboratories. 

3.  Regarding  the  organization  and  the  format  of  the  Conference,  the 

following  prevalent  reaarks  were  made:  the  Conference  should  be  held  without 

parallel  sessions;  it  should  consist  prisuurily  of  invited  papers  which  would 
give  on  overview  of  the  state  of  the  art  rather  than  dwelling  on  the  solu- 
tion of  a particular  problem;  it  should  address  other  problems  besides  those 
addressed  by  the  first  Conference;  the  number  of  working  hours  per 
Conference  day  were  Judged  to  be  excessive  and  ought  to  be  reduced  at 
subsequent  conferences;  the  informal  discussions  which  arose  during  various 
panels'  meetings  were  thovht  to  be  quite  lueful. 


PANELS  COMPOSITIOS 
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Severa.]  participants  In  the  National  Conference  contributed 
significantly  to  each  of  the  panel  reconmendations,  either  in  formal 
meetings  or  in  informal  discussions  or  by  written  comments.  It  is 
important  to  acknowledge  other  contributors  as  well.  Some  of  the  pacel 
memberships  are  indicated  below. 


Panel  on  . . . 

Antennas:  C.T.  Tai,  chairman;  W.F.  Bahret;  G.  Pranceschettl ; 

R.W.P.  King. 

Application  of  Modern  Mathematical  Techniques  to  Scattering: 

C.E.  Baum,  chairman. 

Asymptotics:  L.B.  Felsen,  chairman;  W.F.  Bahret;  R.N.  Buchal;  | 

R.E.  Kleinman;  T.B.A.  Senior. 

Experimental  Techniques  in  Scattering:  W.F.  Bahret,  chairman; 

C.H.  Krueger,  Jr.;  C.A.  Mentser;  V.  Pyatl;  G.A.  Taylor. 

Hybrid  Techniques  Involving  Combination  of  Asymptotic  and  Numerical  I 

Methods:  R.  Mittra,  chairman;  W.D.  Burnside;  R.G.  Kouyoumjian; 

C.H.  Krueger,  Jr.;  C.A.  Mentzer;  K.M.  Nitzner. 

Inverse  Scattering:  V.H.  Weston,  chairman;  N.  Blelstein;  J.K.  Cohen; 

J.R.  Huynen;  S.N.  Karp;  A. A.  Ksienski;  H.E.  Webb,  Jr. 

Numerical  Methods:  R.F.  Harrington,  chairman;  C.L.  Bennett; 

C.M.  Butler;  W.A.  Davis;  E.K.  Miller;  R.  Mittra. 

Propagation  in  Random  and/or  Nonlinear  Media:  N.  Marcuvitz,  chairman; 

I.M.  Besierls;  A.  Ishimaru;  V.  Twersky. 

Remote  Sensing  of  Environment:  A.  Ishimaru,  co-chairman;  J.R.  Wait, 

co-chairman. 

The  State  of  the  Art  of  Singularity  and  Eigenmode  Expansion  Methods: 

C.E.  Baum,  chairman. 

The  Use  of  Computers  in  Scattering:  E.K.  Miller,  chairman. 
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I*  PANEL  ON  ASYMPTOTICS 

Chairman:  L.B.  Felsen,  Polytechnic  Institute  of  Nev  York. 


1 


A 

!' 


I 

t 


t 


Asymptotic  techniques  are  Intended  to  deal  in  an  approximate  manner  vlth 
ccmplicated  radiation,  propagation  and  diffraction  problems  that  cannot  be 
solved  exactly  by  currently  available  analytical  methods.  Whether  in  the 
high  or  low  frequency  regime,  asyiQitotic  procedures  usually  involve  the  deli- 
neation of  tractable  "canonical  problems,"  which  approximate  the  essential 
features  of  the  given  problem  as  closely  as  possible.  The  choice  of  the 
"best"  canonical  problem  is  essential  to  the  success,  accuracy  and  efficiency 
of  asymptotic  procedures.  Therefore,  a principal  future  task  of  asymptotics 
is  to  broaden  the  base  of  canonical  constituents,  which  are  presently  employed. 

At  high  frequencies,  this  implies  a generalization  of  the  geometrical 
theory  of  diffraction  (GTS)  to  Involve  local  wave  types  (new  ray  species) 
which  take  into  t\ccount  some  composite  feature  of  the  physical  configuration. 

Examples  are  surface  rays  on  periodic  or  quasl-periodlc  structures,  rays  des- 
criptive of  local  modes  in  waveguides  or  ducts  with  variable  cross  section, 
and  rays  descriptive  of  evanescent  fields.  For  application  to  composite  scat- 
terers,  where  several  of  these  wave  types  may  exist  simultaneously,  the  ability 
to  cmtvert  from  one  to  the  other  is  essential.  For  example,  scattering  by  a 
large  open  cavity  with  interior  loading,  such  as  an  aircraft  Jet  engine,  in- 
volves ar.  one  of  the  constituent  problems  the  excitation  of  whispering  gallery 
modes  In  the  concave  interior  by  edge  discontinuities,  which  can  be  analyzed  f 

in  terms  of  conventional  OTD;  needed  therefore  is  the  conversion  from  edge 
diffraction  rays  to  whispering  gallery  modes. 

Asymptotic  theories  generally  fail  for  certain  parameter  ranges  in 
"transition  regions"  wherein  the  assumed  basic  field  constituents,  even  when 
corrected  by  inclusion  of  higher  order  terms  in  the  expansion,  are  inadequate 


to  drscribe  the  transition  field.  It  is  then  necessary  to  employ  Improved 
"\iniform”  field  types  from  one  side  to  the  other.  These  transition  functions 
may  be  reducible  to  hnovn  and  tabulated  functions  such  as  Airy  functions, 
Fresnel  integrals,  or  parabolic  cylinder  functions,  or  they  may  require  the 
tabulation  of  new  functions  such  as  the  Fock  function  for  the  high  frequency 
shadow  boundary  behind  a smooth  convex  object.  With  the  development  of  new 
asymptotic  expansions,  there  will  emerge  the  need  for  new  uniform  represen- 
tations. Numerical  evaluation  and  tabulation  of  new  transition  functions, 
which  are  usually  defined  by  Integrals,  is  readily  accomplished  with  modern 
computer  facilities.  At  high  frequencies,  uniform  representations  may  be 
constructed  by  use  of  the  physical  theory  of  diffraction  or  by  spectral  re- 
presentation of  the  diffraction  field.  Zach  of  these  methods  deserves  fur- 
ther study  to  establish  their  versatility,  utility  and  accuracy.  In  addition, 
consideration  should  be  given  to  improved  ways  of  continuously  traversing 
transition  regions,  not  by  even  more  complicated  formulas  which,  though  cor- 
rect in  special  cases,  fail  in  others,  but  by  constructive  attacks  on  the 
asymptotic  solution  of  the  boundary  value  problem  using,  for  example,  an  in- 
tegral equation  formulation. 

A mc.Jor  problem  besetting  asymptotic  techniques  is  the  accuracy  of  the 
result  provided  by  an  asymptotic  calculation  carried  out  to  a given  order  in 
the  asymptotically  nail  parameter  (for  example,  k at  low  frequencies  or  (l/k) 
at  high  frequencies).  Since  tight  analytic  error  estimates  are  not  available, 
cooparlsons  must  be  performed  either  on  special  configurations  for  which  exact 
solutions  and  calculations  can  be  provided,  or  on  other  configurations  which 
can  be  bandied  by  numerical  techniques,  ^]r  performing  various  such  comparisons, 
one  builds  up  the  level  of  confidence  in  using,  say,  the  leading  term  in  the 
expansion  for  ranges  of  the  asymptotic  parameter  which  reach  even  moderately 


large  values.  However,  such  practice  must  be  accompanied  with  caution  when 
the  given  configuration  departs  substantially  from  the  one  for  which  the 
comparison  was  made. 

Composite  scatterers  at  high  frequencies  give  rise  to  multiple  diffraction. 
The  temptation  exists  to  seek  Improvement  of  lowest  order  primary  dlffi  action 
results  by  including  multiple  diffraction.  Apart  from  the  fact  that  multiply 
diffracted  fields  usually  have  a very  complicated  form,  there  is  no  guarantee 
that  their  inclusion  via  primary  field  interactions,  which  ordinarily  are 
accurate  only  to  a low  asymptotic  order,  will  furnish  successive  Improvement. 
This  aspect  requires  detailed  further  study. 

Instead  of  pushing  for  Increased  accuracy  in  high-frequency  diffraction 
by  performing  the  asymptotic  analysis  to  higher  order,  it  may  be  preferable 
to  extract  lowest  order  dominant  contributions  from  the  exact  field  as  formu- 
lated, for  example,  by  integral  equation  methods,  and  to  employ  nuserlcal 
techniques  for  the  difference  field.  Such  hybrid  procedures  deserve  careful 
study  since  the  extraction  of  the  dominant  asymptotic  behavior  should  sub- 
stantially improve  the  efficiency  of  the  numerical  evaluation. 

There  are  two  general  comments  that  should  be  made  concerning  high 
frequency  asymptotics.  It  must  be  recognized  that  even  today  there  is  no 
proof  that  any  high  frequency  approach  yields  a result  which  is  asymptotic 
in  a rigorous  sense  for  an  arbitrary  scattering  shape.  Though  limited  pro- 
gress has  been  made  in  certain  scalar  cases,  no  firm  mathematical  foundation 
exists  for  the  general  scalar  problem  let  alone  the  electromagnetic  one. 

There  is  also  the  need  for  more  precise  error  estimates  with  asymptotic  for- 
mulas. It  is  one  thing  to  claim  that  the  difference  between  an  exact  and  an 
asymptotic  formula  vanishes  as  some  parameter  goes  to  zero  or  Infinity,  but 
quite  another  to  bound  the  eigtresslon  for  finite  values  of  the  parameter. 


However,  this  is  Just  what  is  required  if  asymptotic  approaches  are  to  Rive 
reliable  results  numerically. 

At  low  frequencies  a major  problem  is  to  extend  the  range  of  validity  of 
the  asymptotic  results.  In  three  dimensions  where  the  fields  are  analytic 
functions  of  k,  this  requires  finding  an  effective  way  to  analytically  continue 
the  solution,  preferably  by  some  method  which  does  not  entail  a knowledge  of 
all  terms  in  the  low  frequency  expansion  for  each  order  of  the  continued  ex- 
pression. Integral  equations  provide  a possible  framework  within  which  to 
work  and  to  choose  the  'best*  Integral  equation  may  then  require  quantitative 
Information  about  the  spectrum  of  the  integral  operator.  This  in  turn  leads  to 
the  fundamental  problem  of  determining  the  resolvent  operator.  If  one  can  de- 
termine the  pole  (and  its  residue)  of  smallest  magnitude  (ink)  of  the  field, 
the  low  frequency  expansion  can  be  continued  analytically.  Since  the  pole  is 
essentially  one  of  the  resolvent  and  corresponds  to  an  eigenvalue  of  the  ope- 
rator, it  appears  that  low  frequency  asymptotics  aid  the  spectrum  of  the  ori- 
ginal operator  are  Intimately  related. 

The  general  considerations  above  should  be  Implemented  on  problems  de- 
termined by  present  needs  in  the  user  cossBunity.  A list  of  such  problems  is 
given  below. 

A.  Radiation  and  Diffraction 

1.  Backscatterer  and  bl-static  calculations  at  long  and  short 

wavelengths  for  target  identification  and  echo  control. 

a)  structures  with  apertures  and  interior  loading  (aperture 
antennas,  engine  air  ducts,  etc.}, 

b)  disk  antennas,  comer  reflectors,  etc., 

c)  highly  cosQ>lex  targets  such  as  airplanes,  etc., 

d)  effects  of  noDHsetalllc  and  coated  surfaces, 

e)  radar  signatures  frost  chaff. 


f)  radar  signatures  from  the  ocean  surface. 

2.  Antennas 

a)  coupling  between  an  antenna  element  and  mounting  structure  at 
low  and  high  frequencies. 

b)  mutu8il  coupling  between  elements  on  complex  bodies, 

c)  antenna  element  design  taking  into  account  a)  and  b). 

3.  Relation  of  1.  and  2.  to  the  Q(P  problem. 

Optics 

a)  design  of  laser  cavity  mirrors  in  the  presence  of  active  and 
passive  lasing  materials, 

b)  fiber  optics  (propagation  and  coupling  problems), 

B.  Propagation 

1.  Loran  C propagation  over  real  earth, 

2.  Ionospheric  effects . 

3<  Induced  fields  on  satellites  moving  through  striated  plasmas 

C.  Inverse  Froblems 

1.  Target  re>constructlon  from  sampled  echos. 

2.  Ionospheric  sounding. 

3.  Adaptive  techniques  for  sampling  requirements. 

D.  Hon-linear  effects  on  EM  fields  in  propagation  and  scattering. 

Vfhile  the  areas  listed  above  cover  a wide  range  and  therefore  require 

analytical  models  of  various  kinds,  a few  basic  problems  can  be  Identified. 
Item  A l.a  deals  with  the  effects  of  open  cavities  with  interior  loading  or 
interior  structure.  This  Involves  excitation  of,  propagation  on,  and  scat- 
tering from  concave  surfaces,  and  the  interaction  of  fields  on  concave  sur- 
faces with  perturbing  structures  on  or  near  the  surface.  The  concave  surface 
problem  also  arises  in  item  A l.b.  Item  A l.e  requires  treatment  of 
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curved  and  Intersecting  edges,  fins,  etc.  Item  A l.d  requires  study  of  a whole 
new  class  of  canonical  problems,  i.e.,  extension  of  GTD,  for  example,  to  coated 
objects.  Coatings  are  to  be  modeled  either  by  actual  layers  or  by  surface  im- 
pedances when  Justifiable.  Items  A I.e  and  A l.f  require  scattering  from 
multiple  targets  with  regular  (periodic)  and  random  spacing. 

The  same  general  considerations  as  in  item  A 1 also  apply  to  item  A 2. 
However,  the  presence  of  multiple  elements,  as  in  antenna  arrays,  suggests 
generalization  of  GTD,  for  example,  to  periodic  and  quasi -per  iodic  structures. 
Item  A3  is  covered  elsewhere  in  this  report  and  will  therefore  not  be  addressed 
here.  Let  it  merely  be  noted  that  the  relation  of  the  singularity  expansion 
method  to  target  Identification  and  discrimination  is  a subject  of  importance. 
This  enters  also  into  item  C. 

Item  A it  involves  combinations  of  GTD  and  guided  wave  tecrmiques  for  ray 
and  beam  fields.  Effective  methods  here  are  evanescent  wave  t-acking  and 
ccmplex-source-polnt  techniques  for  generation  of  beam  solutions  f^'om  Green's 
function. 

Item  D is  being  addressed  elsewhere  in  this  report. 

Item  B involves  assesmsent  of  various  environmental  factors  on  propagation. 
Here,  empbaiis  has  to  be  placed  on  realistic  models  before  calculation  is 
attempted.  This  calls  for  further  development  of  high  frequency  and  low  fre- 
quency asymptotic  methods  accounting  for  losses,  variable  ground  features,  etc. 

It  is  evident  from  the  listing  above  that  the  need  is  for  attacking  real 
problems  which  cannot  always  be  idealised  by  models  amenable  to  analysis. 
Therefore,  the  previously  mentioned  Interaction  between  analysis  and  numerical 
methods  is  essential  for  the  successful  solution  of  these  problems.  However, 
careful  Judgement  should  be  exercised  concerning  the  stage  at  which  the  computer 
enters  the  picture.  This  opens  up  a fertile  area  of  exploration. 
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PANEL  on  NUMERICAL  METHODS 


Chairman:  R.F.  Harrington,  Syracuse  University 

During  the  recent  National  Conference  on  Electromagnetic  Scattering  a 
number  of  suggestions  for  further  research  on  numerical  methods  were  made. 

A comittee  of  six  members  was  formed  to  help  identify  those  areas  for  vhich 
further  research  appears  to  be  needed.  Many  specific  problems  vere  mentioned 
by  the  various  members,  but  the  list  is  too  long  to  include  in  this  report. 

Only  those  general  topics  suggested  Independently  by  two  or  more  comittee 
members  are  listed  here. 

1.  Further  work  on  the  combination  of  moment  methods  with  other  techniques, 
such  as  asymptotic  methods  is  needed.  A particularly  promising  approach  appears 
to  be  the  use  of  transform  methods,  such  as  in  the  spectral  theory  of  diffraction. 
Closely  related  to  this  is  the  incorporation  of  the  proper  asymptotic  behavior 

of  the  current  at  edges  and  vertices  in  the  moment  method. 

2.  Further  development  of  numerical  methods  to  treat  problems  involving 
dielectric  and  other  penetrable  bodies  is  needed.  This  can  be  either  via  a 
differential  equation,  as  in  the  unimoment  method,  or  via  an  integral  equation, 
as  usually  done  in  the  moment  method.  Also,  extension  of  solutions  to  larger 
bodies  would  be  desirable. 

3.  Further  study  of  computational  methods  for  aperture  problems  is  recom- 
mended. Again,  there  are  several  numerical  approaches  to  the  solution,  which 
can  be  classified  broadly  into  the  differential  and  integral  equation  methods. 
Moreover,  solutions  can  be  obtained  either  in  the  frequency  domain  or  in  the  time 
dcsmin. 

it.  More  efficient  methods  to  treat  radiation  and  scattering  in  the  vicinity 
of  imperfect  ground  planes  would  be  desirable.  The  present  methods  used  are 
either  the  Sommerfeld  integral,  which  is  time  consuming,  or  the  reflection 


•10- 


coefficient,  which  is  not  applicable  for  bodies  very  close  to  the  ground  plane. 

5.  Nuaerical  solution  of  composite  problems,  such  as  those  made  up  of 
both  conductors  and  dielectrics,  should  be  investigated.  For  low  to  interme- 
diate frequency  solutions,  the  various  moment  methods  appear  promising.  For 
higher  frequency  solutions,  the  asymptotic  methods,  perhaps  combined  with  the 
moment  method  would  be  appropriate. 

6.  A study  of  estimation  procedures  for  upper  bounds,  median  values, 
errors,  etc.,  for  guidance  in  the  development  and  use  of  numerical  solutions 
would  be  desirable,  especially  In  a statistical  framework.  After  such  esti- 
mates are  available,  studies  of  existing  solutions  could  be  made  comparing 
them  as  to  accuracy  and  efficiency. 

7.  Development  of  a set  of  standard  problems  for  comparison  and  evaluation 
of  alternate  and  new  numerical  methods  would  be  worthwhile.  This  could  probabl;' 
be  done  In  conjunction  with  other  research,  and  would  not  require  a separate 
project. 
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PAHEI.  Oil  HYBRID  TECHHiaUES 


IMVOLYraO  COMBIHATIOH  OF  ASYMPTOTIC  AW?  HUMERICAL  METHODS 
Chalnan:  R.  Mlttra,  University  of  Illinois 

There  ere  three  hesic  spproeehes  to  derivinc  hl(h  frequency  ssysptotic 
solutions  of  electrosui<netlc  and  acoustic  scatterinc  problssis.  First  of 
these  is  the  CeoBetrical  Theory  of  Diffraction,  or  GTD,  vhlch  is  based  on  a 
ray  optical  interpretation  of  the  scattering  phencsienon.  The  second  is  the 
Physical  Theory  of  Oiffraetioo,  or  PTD,  which  is  forsulated  fron  a diffraction 
theory  point  of  view.  The  third,  STD,  or  Spectral  Theory  of  Diffraction, 
involves  the  use  of  a plane  wave  representation  of  the  fields.  Included  in 
this  report  are  directions  for  future  research  aiaed  at  combining  these  asymp- 
totic techniques  with  numerical  methods.  Some  of  the  problems  that  deserve 
attention  are  listed  belov. 

1.  Solution  of  new  canonical  problems  that  would  lead  to  improved  GTD 
parmieters,  e.g. , diffraction  coefficients,  launching  coefficients,  attenua- 
tion constants,  etc.  A few  examples  of  these  problems  are:  plane  surfaces 
bounded  by  Intersecting  edges;  edge  Illuminated  by  a source  close  to  it  where 
the  radial  component  of  the  incident  field  is  Important;  higher  order  solu- 
tion for  diffraction  by  concavm  surfaces;  combination  of  GTD  with  moment 
methods. 

2.  lew  diffraction  results  based  on  rigorous  formulation  as  in  the 
Physical  Theory  of  Diffraction;  documentation  of  the  basic  PTD  concepts;  un- 
derstanding of  multiple  scattering  effects  from  the  integral  formulation; 
Fresnel  region  scattering. 

3.  Zi^rove  'Believablllty"  of  solutions  by  providing  reliability 
accuracy  cheeks  and  error  estimates.  Provide  methods  for  systematic  Improve- 
mant  of  tero-ordw  or  first-order  asymptotic  solutions  by  coupling  the 
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aayaptotic  Mtbods  with  Integral  equation  technique!,  aa  for  inatance.  In 
the  STD  method. 

I*.  Accurate  aolutlon  of  varloua  aircraft  parta  that  cannot  he  modeled 
ualng  aimple  canonical  atructurea.  Exaaplea  are: 

a.  Jet  engine  intake  ducta  including  the  tcmlnatlon  at  the 

engine  face 

b.  Jet  engine  exhauat  cockplta 

c.  aircraft  cockplta 

d.  radar  antenna 

e.  radar  compartment  Including  equipment  boxea 

f.  comer  reflector  geometriea  (auch  aa  ving-fuaelage  Junction 
or  miaaile  fine) 

g.  impedance  boundary  problema  and  loaajr  coatings 

h.  rounded  and  blund  edges 

S.  Oerelopment  of  efficient  input/output  systems  which  would  proTlde 
low  cost,  TersatUe  and  efficient  description  of  the  geometries  of  coavlex 
structures  for  use  with  computer  codes  for  high  or  low  frequency  solution  of 
scattering  problems. 
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PAWEL  OK  THE  USE  OF  COMPUTIBS  III  SCATTmiRG 


Chalnutn:  E.K.  Miller,  Lewrence  Uvemore  Laboratory. 

I.  Introduction 

Coaputer  me  in  EH  scattering  has  in  recent  years  increased  at  a pace 
determined  both  by  dSYslopments  in  computer  technology  and  by  computer- 
inspired  advances  in  numerical  and  analytical  techniques.  It  is  in  fact 
difficult  to  Identify  an  area  in  elactramagnetles  that  has  not  benefited 
from  these  developments.  Even  those  D4  sub-disciplines  such  as  various 
asymptotic  techniques,  that  are  not  so  obviously  computer  oriented  as 
the  method  of  moments,  heavily  rely  for  their  eventual  practical  application 
upon  computer  availability.  In  any  case,  the  net  result  has  been  to 
significantly  Increase  the  teebaologlcal  productivity  of  St  problem  solvers. 

As  is  not  at  all  uncommon  in  such  circumstances,  problsm  complexity  has 
more  thsn  kept  pace  vith  the  developing  problem-solving  capability. 

This  situation  naturally  enough  can  lead  to  a certain  amount  of  frustration 
on  the  parts  of  both  the  technologists  vbo  develop  the  technology  and  of 
the  users  vho  generate  and  solve  the  problems.  The  result  can  be  a per- 
ceived lack  of  progress,  and  uncertainty  about  the  role  of  computers  in  04. 
It  was  the  purpose  of  the  panel  to  assess  this  topic  as  seen  by  represen- 
tatives of  government,  aeadsmia  and  Industry.  A summary  of  observations 
which  arose  during  the  diaeussion  are  included  in  Section  II  below,  and 
some  specific  recomssnastlons  to  address  identified  deficiencies  are  made 
In  Section  III. 


k for  the  discussion  to  develop,  the 
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II.  "rTTr  rf  f¥>*^  Discussion 
In  ordsr  to  provide  a frame 


foUovlng  list  of  questions  vms  submitted  by  the  chalnsan  to  the  panelists: 

1.  In  vhat  specific  areas  have  ccsiputers  had  the  greatest  Impact?  The 
least  Impact? 

2.  What  do  you  feel  are  the  most  Important  Ingredients  of  user-oriented 
codes?  Or,  vhat  does  user-oriented  mean  to  you? 

3.  In  vhat  ways  do  presently  arallable  codes  satisfy  question  2?  In 
vhat  ways  are  they  deficient? 

U.  Concerning  needs  you  are  aware  of,  what  are  the  most  serious  limitations 
of  current  computer  techniques?  Do  you  have  suggestlona  for  circum- 
venting any  of  then? 

3.  In  vhat  ways  can  computed  results  be  validated,  and/or  error  bounds 
established,  not  only  for  nev  codes,  but  for  working  codes  regarded 
as  reliable? 

6,  Hov  can  computers  be  most  effectively  exploited?  For  exsmple 

parameter  studies;  data  base  development;  to  gain  physical  insight;  etc. 
T.  What  can  and  should  be  done  to  Improve  technology  interchange  In  com- 
puter usage? 

6.  In  vhat  areas  do  you  expect  the  most  significant  developments  la 
computer  use  for  □(  scattering  In  the  next  5>10  years? 

In  response  to  the  above,  and  other  eoMsnts,  observations  and  questions 
that  came  up  during  tbs  discussion,  several  distinct,  but  related  aspects 
of  code  usage  ware  found  to  be  of  concern.  They  are: 

Code-related  Issues 

Co^ttter  codes  of  course  play  a central  role  In  coa^uter  use  la  alectro- 
megnetlcs.  There  are  eonseqmently  numerous  aspects  about  codes  which 


concern  both  technolosiitn  and  users.  Aaong  these  are  the  foUovlng. 

1)  Standardizatim.  This  includes  both  soae  standardized  fonaat 
vith  respect  to  coaaent  cards,  code  notation  following  that  in  the 
docuaentatloa,  etc.  and  the  poaaibilltx  that  a saaller  nuaber  of 
standard,  "polished"  codes  sight  be  preferable  to  the  vide  variety  of, 
for  exanple,  wire  codes  now  in  uae. 

2)  Dociaentatlon.  There  was  general  agresaent  that  code  docuaentation 
is  extrsaely  inconsistent  in  quality  and  quantity,  and  that  its  inade- 
quacy significantly  detracts  frea  code  transferability. 

3)  Test  cases.  Establishing  that  a code  is  working  properly  is  not  easy. 
The  uae  of  test  cases  to  coofira  that  coaputed  results  are  reliable  alght 
be  considered.  These  test  cases  aight  serve  as  internal  consistency 
checks  to  show  that  the  code  is  reproducing  earlier  results,  as  well  as 
external  checks  to  deannstrate  the  credibility  of  the  coaputed  results. 

it)  Interchange.  Much  code  duplication  takes  place  because  previously 
developed  codes  are  unavailable,  not  user-oriented  or  poorly  doctaented. 

Code  accessibility  is  of  parsaount  laportsnce  in  interchanging  code  tech- 
nology. One  exaaple  of  a aechanisa  for  code  dlssaalnatlon  is  the  Lawrence 
Liveraore  Laboratory  Colter  Code  newsletter.  Its  effectiveness  is 
largely  due  to  the  involveaent  of  knowledgeable  technologists  in  the  col- 
lection, evaluation  and  docuaentation  of  the  codes,  and  who  supply  de-bug 
help  and  advice  at  no  cost. 

5)  Use  awareness.  9y  their  very  nature,  codes  are  lialtsd  la  what  they 
can  do.  User  disappointasnt  often  stsas  froa  aisapplicatlon  due  to  lack 
of  awareness  concerning  this  fact. 

Oovemaent's  Bole 

Alaost  all  eode-develepaent  work  la  electroasgneties  is  govemsant  sponaorad. 
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But  (tntrutlac  tht  nt«d  aad  fundisc  th«  work  should  not  constitute  the 
gOTtrn— nt*s  entire  responslhlllt/  In  this  area.  Additional  attention 
la  the  proeursaeat  cycle  to  Itssu  relatlns  to  code  aetlTltles  could 
befla  to  allerlate  soae  of  the  probloas  listed  shore.  As  a natter  of 

i 

fact,  vltbout  aetlre  (oremaeat  support  and  direction.  It  la  likely 
that  little  progress  vUl  be  aade  howerer. 

Technical  Directions 

A vide  variety  of  eo^uter«related  analysis  technlqpiss  have  beccae  available 
la  recent  years.  Their  developawat,  for  the  aost  part,  has  occurred  In  a 
rather  uncoordinated  vay  In  response  to  specific  problaa  needs.  More  re- 
cently, the  possibility  of  developing  hybrid  techniques  to  obtain  capabi- 
lities beyond  those  offered  ^ any  single  approach  has  b*en  explored. 

Bone  discussion  has  also  taken  place  regarding  alternatives  to  strictly 
pesslaistle  detenlnlstle  aethods,  based  on  probaballstle  concepts  vbere 
the  applications  peialt.  Froa  a still  aore  general  vievpoiat,  the  possi- 
bility of  developing  a aethodologlcal  fTaaevork  vhlcb  vould  provide  gui- 
dance in  the  dsvelopswat  and  application  of  all  the  tools  at  the  usqr's 
disposal  has  been  debated. 

The  greatest  diversity  of  opiaioas  regarding  ecaputer  use  la  eleetroaagaatles 
arises  vith  respect  to  Hplicatioas.  This  situation  Is  due  to  not  only  the 
variety  of  problaa  types  that  are  encountered,  but  the  vide  range  of  vhat 
constitutes  acceptable  results,  depending  upon  the  particular  needs  per- 
ceived by  the  user.  Tbpies  discussed  iacludedi 

1)  Aeeuraey.  Ptrh^  tbs  aost  eo»on  eoaeera  Is  accuracy  of  the  coivutad 
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rttult.  To  toM,  tbo  cost  of  a calcttlatioo  !■  of  i«eoodar]r  laportanet, 
so  loot  as  tha  rasults  art  seeurato.  But  aceuracf  eaa  ba  difficult  to 
dtflaa  boeauso  tbs  eoaputsr'^odsl  rssults  aax  bs  nuaarleally  valid,  but 
tasTs  Uttlo  rslatloa  to  tbs  ^qrsleal  problsa  of  latarsst.  Crsdlblllty 
of  tbs  rssult  for  tbs  glTsn  application  Is  tbs  ksx  Issus. 

2)  Nodsl  dstall.  Most  calculations  rs^lrs  a tradeoff  bstvssn  aodsl 
detail  vblcb  Influsacss  accuracy,  and  rssouress  sucb  as  programlac  tins, 
cenputsr  cost,  etc.  retired  for  tbs  calculation  to  bs  psrfotasd.  Tbsrs 
presently  ssssu  to  bs  little  fuldsncs  available  to  tbs  user  eoacsmlag 
tradeoffs  between  accuracy  and  cost. 

3)  Calculation  detail.  Tbs  saouat  of  Infonatlon  obtained  eaa  slgalfl* 
eaatly  laflueaee  tbs  costs  associated  with  tbs  calculation.  There  Is  a 
tendency  to  orerklU  tbs  problsa  when  la  doubt. 

U)  Xaterpretatloa  of  results.  Vben  used  effectively,  eoaputer  nedels 

0 

eaa  provide  a great  deal  of  Insight  regarding  eleetroaagnetle  pbenoasaelogy. 
lovever,  this  c^ablllty,  to  be  exploited,  needs  sons  thought  and  attention 
on  tbs  part  of  the  user,  k^ny  Of  studies  unfortwately  exhibit  little  ef- 
fort la  this  direction  and  so  nay  not  realise  the  full  potential  of  tbs 
eoaputer  la  this  role. 

5)  Broblen  types.  At  tbs  risk  of  oversl^piuyiag,  teehaoleglsts  tend  to 
study  sl^la  problsns  la  great  depth  while  users  by  contrast  study  sore 
eonplsx  problsns  la  less  detail.  The  aost  Isvertaat  reasca  for  this  Is 
ths  typical  need  on  tbs  user's  part  to  do  gulek  reaction  studies,  perfoni 
systsas  tradeoffs  where  IM  ebaraeteristies  are  but  one  of  aaay  factors 
tavelvad,  etc.  iddle  dealing  with  real-world  prbblssM.  Air  Force  preblMS 
aatorally  Include  aircraft  RGB  where  ths  eoaplex  gecastry,  englae  duets, 

PCS  rsduetloa,  etc.  provide  a real  challenge.  Colter  techniques  provide 
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part  of  a sat  of  tools  vblch,  Includlnc  axparlacntatloa,  art  usad  la  an 
attaapt  to  acblara  spaelfle  dasicn  co^>* 


X12.  Raco^andatloas 

As  a rasult  of  tba  panal  discussion  outllnad  abora,  tha  follovlnc  raeoa- 
■andatloaa  ara  aada  to  tha  Air  Forea. 

A.  CoBputar«eoda  lafozmatlon  axhanfa  should  ba  axpadltad  by  astabUshiag 

and  laplaaaatlnf : 

1.  Standard  proeaduras  for  tha  dallrary  of  codas  davalopad  uadar 

contract  • Including  .raqulraaants  for  docuacntatloa^aad 

ee—snt  cards,  dallTcry  period,  validation  tast  eases  and  foUov- 
19  aaslstaaea. 

2.  Distribution  proeaduras  to  provide  access  to  codas,  docuMatatlon 
and  application's  guldaaea. 

3.  A usar^ai^arlanea  data  base,  to  oaks  available  la  a eonclsa,  standard 
foraat,  maBsrlas  of  appUeatioos  results,  Including  both  positive 
and  aagatlvs  aspsets  of  tba  calculation. 

.1.  Taobaleal  areas  to  ba  sa^haslsad  should  laeluds,  but  not  aaeassarily 

bs  liadtad  to: 

1.  DavalepMBt  of  hybrid  aathoda  to  aora  affsetivaly  exploit  tba 
advantages  of  tha  separata  approaebas. 

2.  Aasasanant  of  tha  possibility  for  davsleplag  probabilistic  and 
astlaatioa  proeaduras  to  obtain,  tor  axaapls  asdiaa,valuas  and 
probability  distribution  of  DCS,  upper  bound  Units  on  iadusad 
currants,  ate. 

3.  Davalofsnt  of  realistic  accuracy  rsqpirsnsnts  and  nodaling  guidelines 
to  radues  nunarieal  evsrkill  and  sneasslva  eovutatioa. 

Xnitiatien  of  tba  davalopnoot  of  an  overall  nathodology  for  D( 
problsB  solving. 


PAMEL  OM  EXPERIMEIITAL  TECHltlOUES  IN  SCATTERIWO 


Ctaalrau:  W.F.  Bahret,  Air  Force  Avionica  Laboratory. 

For  produclnc  bard  data  on  acattering  or  radiation  fron  arbitrary  bodica, 
tbc  vork-boraa  today  la  uaually  an  cxpcrlacnt.  Froa  cleaentary  ccaponcnta  to 
aajor  aeaauracMnta  ayattaa,  hardvare  baa  been  deYeloped  to  perfon  aany  typea 
of  aopblatlcated  aanaurcaenta,  often  vltb  completely  autoaatlc  operatlona  and 
jffoductlon  of  near  real-tlae  reaulta.  Technlquea  for  indoor  (anecbolc  chamber) 
and  outdoor  (large  acale  range)  atatlc  aeaaureaenta  are  veil  advanced,  vltb 
numeroua  faellltlea  In  operation.  Dynamic  meoaurementa  have  kept  pace,  in  the 
aenae  that  aopblatlcated  capability  la  available  In  aelected  faellltlea.  Un- 
fortunately, tbeae  faellltlea  are  generally  dedicated  to  apeelfle  taaka,  aueb 
aa  balliatle  mlaaile  teatlng,  and  have  not  been  available  for  aany  more  mun- 
dane needa,  aueb  aa  chaff  evaluation. 

Deaplte  the  aany  good  tblnga  vhicb  can  be  aald  about  capability  vla-a-vla 
operational  needa,  there  are  tvo  major  problaaa  vtaleh  req^lre  further  effort 
to  expand  capability.  The  flrat  of  tbeae  haa  been  long  atandlng,  and  haa  been 
the  lapetua  for  periodic  aurgea  of  development  effort  In  the  paat,  l.e..  It  is 
not  uncommon  for  operational  radara  (for  example)  to  be  baaed  upon  uae  of 
acatterlng  propertlea  for  vhlch  there  are  little  or  no  data,  and  for  vhleh  ca- 
pability to  provide  data  la  minimal.  An  example  of  thla  curloua  altuatlon  la 
an  ultra-high  reaolutlon  (la  3-0)  radar  planned  for  reconaalaaaace  uae.  There 
la  no  experimental  facility  capable  of  providing  acatterlng  data  applicable  to 
auch  a radar.  All  too  often,  baaellne  data  needa  are  aatlafled  after  an  ope- 
rational ayatMi  la  In  advanced  atagea  of  development. 

The  aeeood  problam  urging  emended  meaaurament  capability  la  baaed  on 
Inereaaing  requiraaMota  for  dealgn  of  the  acatterlng  bodiea  themaelvea,  whether 
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largt  coaplcx  vehicles  or  sasll  chaff  eleaents,  to  provide  specific  scattering 
properties.  Fundsaental  to  such  designs  are  the  understanding  of  scattering 
■echanisas  which  peraits  their  control,  and  the  evaluation  of  effectiveness 
of  the  designs.  The  foraer  requires  iaproved  diagnostic  capability,  while 
the  latter  necessitates  the  aeasureaent  of  exotic,  and  perhaps  tlae-varylng, 
properties  of  a scattered  electro>asgnetic  signal. 

Beginning  with  diagnostic  aeasurenents,  one  aust  recognize  that  present 
capability  resides  aainly  la  two  areas  - surface  probes  for  deteralnlng  current 
distribution  and  aeasureaent  of  scattered  fields  froa  gross  geoaetries  or 
psrts  thereof.  lapulse  techniques  have  been  investigated  in  a few  eases,  but 
the  state-of-the-art  is  too  eleaentary  to  receive  serious  consideration  as  a 
routine  diagnostic  tool  in  the  near  future. 

Surface  probes  provide  very  useful  data  with  acceptable  accuracy  when 
carefully  lapleaented.  However,  aost  explications  to  data  have  been  to  slaple 
and  basic  geoaetries  which  pose  alnlaal  probleas  to  use  of  the  probe.  Since 
insight  gained  froa  probe  aeasureaents  has  been  the  basis  for  many  significant 
advances  in  coping  with  scattering  phenoasna,  it  would  seen  that  even  greater 
advantage  could  be  taken  of  results  for  aore  coeplex  oodles,  such  as  open- 
ended  cavities  (Jet  intake  for  exaaple).  A paper  at  the  Conference  dsaonstra- 
ted  the  difficulty  in  predicting  intake  echo,  largely  because  the  iaportant 
scattering  aechanisas  are  elusive.  Clearly,  the  ability  to  define  the  fields 
on  both  aetallic  and  dielectric  surfaces  of  such  geoaetries  would  be  inva- 
luable. The  payoff  froa  aore  capability  should  be  great. 

Msasursasnt  of  total  scattering  flrca  bodies  necessitates  an  itarative 
process  which  is  often  lengthy  and  expensive  when  deiinition  of  contributors 
is  required.  One  aaasures,  changes,  analyses,  changes,  etc.,  etc.,  before 
scattering  aechaniaw  are  understood  to  the  point  where  control  is  possible. 
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I«Ttrtb«ltti,  this  procMS  has  bssn  ths  bstis  for  tbs  rstbsr  adTssetd  ststs- 
of-tbs-srt  la  slsaaturs  eoetrol  vhleh  exists  today.  Short  of  prorldlnc  la- 
struaaatstloa  capable  of  resolrlaf  aeatteriac  sources  vltb  dlaeasioas  la  tbs 
order  of  a few  caatlaeters  (la  three  dlaeasioas)  there  does  aot  appear  to  be 
aucb  possible  la  tbs  way  of  laprorlag  scattered  field  aeasureaeats  for  dla(> 
aostlc  purposes.  Such  aa  aabltlous  goal  (high  resolutloa)  la  aot  eatlrely 
out  of  ths  realm  of  possibility  with  today's  techaology,  hoveter. 

Turalag  aext  to  static  asasureaeats,  aa  aeatloaed  earlier  there  exists 
a capability  vhleh  satisfies  aaay  of  the  operatloaal  aeeda  today.  Both  for 
aateaaa  radlatloa  sad  body  aeatterlag.  It  Is  possible  to  produce  most  of 
the  far  field  data  seeded  for  effectlveaeaa  eraluatloe.  Moreover,  aear 
field  tecbal^ies  have  been  desoastrated  sad  la  a few  eases  put  to  routlae 
use  la  provldlnc  data  for  that  regloa  where  peraaeters  vary  with  nuge. 
Ubfortuaately,  large  scale  lapleaeatatloa  of  near-soae  facilities  for  large 
body  aeasureaeat  has  sot  beeo  laltlated,  partly  because  of  cost  and  partly 
because  req^lroaeats,  though  l^ortant,  are  aucb  fewer  than  for  far-soae  data. 
Because  scattering  (radar  echo)  seeds  are  usually  aore  ec^ex  thas  any  for 
aateaaa  radiation  patterns,  there  Is  one  area  where  Improved  lastruaeatatloa 
would  be  of  great  signlfleaaee  • naaely  la  providing  good  three  dlaeasloaal 
resolution  of  echo  sources.  Conceptually,  a short  pulse  slgaal  radiated 
through  a high  gala  phased  array  could  be  used  to  aap  ths  reflected  fields 
by  aaster  scanning  a voluas  la  which  the  body  is  located,  iesolutlca  would 
ideally  be  as  low  as  a few  eentlaetara  to  provide  for  dlagaostlca  aa  well  as 
operational  data,  but  even  If  resolutloa  were  as  great  as  a few  teas  of  een- 
tlaeters,  would  still  yield  data  for  aaay  appllcatiena.  for  one,  the  30 
reeoanalssaace  (or  perb^  target  idantifleatlen)  radar  discussed  earlier 
would  be  provided  with  baseline  data,  rurtbeaere,  if  phase  and  aaplltude 
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of  oebo  from  taeb  tub^mlt  of  a target  vara  recorded  for  plane  eare  tUual- 
aatioa,  la  principle,  the  acatterlng  for  any  vlavlng  range  and/or  Uluilaa- 
tloo  could  be  cocatruetedfor  whatever  application.  Although  the  Initial  coat 
of  aueh  a facility  night  be  high,  the  vide  variety  of  uaea  for  the  reaultant 
data  ahould  nake  a long  ten  operatlm  very  cost  effective.  State-of-the-art 
la  laatrunentatloa  ahould  nake  thla  concept  feaalble. 

Laatly  ve  vUl  dlacuaa  dynaalc  neaaurenenta.  Vlth  apace  vehlclea  (aatel- 
Utea,  re-entry  vehlclea)  being  alagular  exeeptlona  for  vhleh  huge  national 
reaoureea  were  e^^eaded  to  overcone  an  apparent  technology  gap,  the  atate-or- 
the-art  la  dynaalc  aeaaureaeata  falla  conalderably  abort  of  current  needa. 

Moat  faellltlea  for  aeaaurlag  radiation  or  acatterlng  free  aerodyaaale  bodlea 
(and  there  are  not  aaay  aueh  faellltlea)  provide  the  no  at  alanantary  lafomn- 
tloa  - largely  anoothened  data  veraua  viewing  angle  (la  5*  - 10*  Intervale) 
with  aoae  rough  Indication  of  anplltude  fluctuation.  Za  tte  latter,  neither 
peak  uer  null  valuea,  nor  fluctuation  ratea  are  aeceaaarlly  exact  due  to  In- 
■truneatatlen  capability  and  neaauraaHwt  eoadltlena,  aapeelally  range 
Ualtatlana.  There  are  no  coherent  eyatana  which,  can  provldn  doppler 
data  on  large  bodlea  at  aatlafaetory  raagea,  nor  are  there  ayataaa  capable  of 
good  range  and  angle  reaolutlon.  Again  it  la  to  bo  Mphaalaed  that  apace 
faellltlea  can  and  do  provide  aueh  data,  but  often  theae  are  not  available 
for  general  uao,  they  aay  be  overdealgned  in  capability  and  yet  too  Halted 
la  freguaaey  eovnrago,  and  laatly  their  operating  eoata  aay  be  beyond  budgeta 
of  progrcaa  on  aerodynaale  vehlclea.  The  latter  la  aapeelally  true  la  early 
atagea  of  concept  develcpaant. 

Xt  la  well  known  that  eurrent  operational  ayatva  (both  friendly  and  hoa- 
tlle)  a^loy  coherent  proceoalng,  doppler  filtering,  and  like  aothoda  for 
aanlpolatlng  aeattered  algnal  data  to  advntage.  Seeplte  thla  kaovladge  and 
the  expeetatlcn  that  even  aore  elofnee  la  aatlelpated  la  the  future,  there 
la  no  facility  to  provide  appropriate  data  on  aircraft,  ehaff,  deeoya,  or 
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■lallar  bodies  of  great  interest.  Chaff  In  particular  presents  a problea 
because  only  through  dynamic  testing  can  the  full  impact  of  launch  conditions, 
atmospheric  effects,  and  element  aerodynamics  be  observed.  It  is  therefore 
essential  that  a measurement  facility  be  Implemented  to  provide  coherency, 
non-ambiguous  determination  of  amplitude  fluctuation  angular  scintillation 
and  doppler  rates,  high  spatial  resolution,  and  all  the  necessary  monitoring 
capability  for  dynamic  measuremwits  of  si  vide  range  of  target  types.  A broad 
range  of  operating  frequencies  must  be  available  for  gross  spectral  informa- 
tion as  a minimum.  Digital  recording  and  processing  is  essential  for  data 
handling.  Lastly,  the  site  asiat  not  restrict  drops  of  materials  or  flights 
of  uisaanned  vehicles  which  are  of  interest.  Ideally,  the  Instrusentatlon 
would  be  transportable. 

Without  this  capability,  it  is  possible  that  advanced  counter-radar  pro- 
grams will  suffer  seriously  through  Inability  to  validate  performance  of  the 
product.  Recognising  the  Importance  of  the  need,  the  Air  Force  Avionics  La- 
boratory sponsored  a program  to  define  the  basic  design  of  such  a facility 
(see  AFAL-TR-7l*-9i»  "Chaff  Cloud  Signature  II  Heasurements  Program",  Hycor  Inc., 
August  19T>»,  Contract  F336l$-73-C-u60). 

Beyond  the  above  needs  in  diagnostics,  static  measurements,  and  dynamic 
measuresMnts,  there  are  other  questions  which  should  be  answered  for  the  gene- 
ral advanessMnt  of  scattering  inveetigations.  A major  point  which  enters  many 
discussions  of  how  data  should  be  taken  and  presented  is  that  of  a radar's 
response  to  a real-world  echo  signal.  Almost  invariably  text  book  analyses 
deal  in  point  sources,  idealised  echo  spectra,  etc.  Clearly  there  Is  no 
single  answer  since  signal  processing  is  so  variable,  but  realistic  evalua- 
tion is  needed  on  such  questions  as  'Vbere  on  a complex  target  does  a lesidiug- 
•det  tracker  treekt"  or  "what  statistical  level  of  echo  signal  most  detetmines 


•2k. 


targtt  dctcctabUltyT".  Beyond  the  is^licetlons  to  scattering  Inrestlgatlons 
tbemselTes,  the  ansvers  have  profound  Influence  on  critical  problems  such  as 
design  of  electronic  countenseasures. 

In  summary,  this  brief  overview  provides  the  rationale  for  additional 
(and  unsatisfied)  requirements  for  experimental  techniques  in  electromagnetic 
scattering.  Each  of  the  areas  discussed  - disgnostics,  static  measurements, 
and  dynamic  measurements  - lacks  specific  capabilities  which  impact  either  the 
understanding  and  control  of  scattering,  or  the  provision  of  appropriate  in- 
formation for  assessment  of  operational  effectiveness.  AdvancesMnts  required 
in  static  and  dynamic  measurements  are  generally  within  state-of-the-art  and 
need  only  financial  support  for  implementation.  Those  for  diagnostics  may 
well  need  research  before  a feasible  approach  is  identified  for  complex 
bodies. 

After  completion  of  this  panel's  report,  Di'.  Knausenberger  of  AFOSIt 
suggested  some  additional  areas  of  study;  1)  extension  of  scattering  ex- 
periments (as  well  as  theory)  to  cases  where  the  target  is  coa^pletely 
shielded  or  where  metal  targets  are  "penetrable";  2)  feasibility  of  new 
diagnostic  techniques,  e.g.  (i)  application  of  coherent  optics  teOhnlques, 

(li)  speckle  observation  of  properly  sealed  models,  (ill)  three-dimensional 
electric  field  observation  by  use  of  (iwineseence)  excitation  in  gaseous 
media  around  the  scattering  target. 


Pium.  oa  APPUCATIOW  of  modem  mathematical  TECmtIi 


TO  3CATTER1IIG 


gJES 

Cbalrun:  C.E.  Baua,  Air  Pore*  Vkftpona  Laboratory. 

Tba  ptirpoit  of  tbc  panel  on  Application  of  Modern  Matheaatleal  Techniques 
to  Scatter  Ins  vaa  to  explore  tvo  Iteaa: 

a.  What  are  the  probleu  to  be  solved  (l.e. , Air  Force  needs)? 

b.  What  techniques  alght  be  developed  In  scatterlnc  technology  to 
solve  these  probleas,  at  least  in  part? 

The  chalraan  opened  the  panel  by  outllnlnt  Its  purpose  and  pointing  to  soae 
of  the  general  aathesatical  concepts,  both  analytical  and  mxMrlcal,  that 
have  aoae  bearing  on  the  panel  discussion.  It  vaa  noted  that  certain  ape> 
clalized  topics  would  be  treated  at  other  specific  tlaes  during  the  conference. 
The  chalraan  then  called  on  the  panelists,  consisting  of  Air  Force  and  unlver* 
alty  representatives. 

To  present  soae  of  the  Air  Force  needs  the  chalraan  called  on  VllllsB  F. 
Bahret  of  Air  Force  Avionics  Laboratory.  With  auch  stlaulating  presentation 
and  discussion,  several  aajor  needs  were  pointed  out: 
a.  radar  signature  control, 

I b.  reduction  of  coupling  between  antennas  on  aircraft, 

c.  undarstandlng  the  radar  cross  section  of  antennas, 

Haywood  Wbbb  of  Roae  Air  Developaent  Center  then  also  presented  soae  of 
the  Air  Force  Interests  Including: 

a.  necessary  and  sufficient  conditions  on  seatterer  shape  and  other 
structural  characteristics  for  different  scatterers  to  have  the 
saas  backscatterer  pole  locations  (perhaps  with  different  residues) 

I in  the  coi9lex  frequency  plane  (SIN); 

b.  iinprove  the  general  theory  of  diffraction  (OTD)  for: 

1.  aultiple  scattering  on  a aulti-edge  body. 


2.  coDcavt  lurfacca 


3.  flat  aurfacet  vlth  inaida  angla  banda, 

U.  vertlcaa  of  tvo  or  aora  adgaa  (diffraction  coafflelanta); 
d.  propartlaa  of  backacattarad  data  which  ara  orientation  indapandant 
(other  than  the  pole  locatlona): 

a.  propartlaa  of  ccapoalta  aatarlala  which  are  being  introduced  into 
aircraft  deaign  including: 

1.  baaie  elactroaagnatlc  paraaatara. 

2.  ahielding  propartlaa, 

3.  charactariatica  in  conjunction  with  antannaa, 

U.  radar  raflactivity, 

5<  lightning  protection, 

6.  praelpltation  atatlc  protection, 

7<  new  radiation  charactariatica  and  radiator  daaigna. 

Prof.  L.B.  Falaan  of  Polytechnic  Inatltuta  of  Raw  fork  addraaaad  aoaia  of  the 
probleaa  froa  the  point  of  rlaw  of  poaalbla  new  technlquaa.  Ha  fait  that  there 
ware  few  obwloua  new  tachnlquaa  to  apply  of  practical  laportanca.  Howarer, 
bacaxiaa  wa  hare  dlfflcultlaa  ualng  the  currant  toola,  ha  thought  that  tha  Q< 
coaBunlty  abould  actiraly  aj^lora  what  ia  going  on  in  other  diacipllnaa  froai 
the  point  of  riew  of  finding  tachniq^iaa  which  sight  be  uaafully  applied  to 
alactroaagnatlca.  In  thla  regard  ha  auggaatad  that  there  be  saatlnga  of  EM 
spaclaliata  with  people  froa  other  dlaciplinaa.  Theae  people  ahould  be 
willing  to  be  axpoaed  to  other  ideaa  ao  that  all  the  dlacipllaea  benefit  by 
borrowing  froa  each  other. 

Prof.  Ralph  Kleinaan  of  the  Unlreraity  of  Delaware  ralaed  aereral  polnta: 
a.  Nathaaatical  technlviaa  not  presently  used  in  eleetroaagaetlcs  should 
be  considered  for  such  possible  use,  laeludlag: 

1.  optiaal  control  theory  (for  boundary  control), 

2.  approxiaatioo  theory. 
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WMk  solutions  snd  Sobolsr  spsess  (ineludlnc  opsn  surfness,  flush 
■ouBtod  sntsnaM,  snd  losdsd  scsttorsrs  vltb  dlseoatlBuous  iapodanes 
bouBdsry  eoBdltioes), 
k.  spsetrsl  thsorj  of  Intsfrsl  oporstors  (for  snslTtie  eontlnustloo  of 
lov  frsq^taey  sspsasions  snd  for  tbs  singularity  sxpansion  asthod). 

b.  Xnvsstigation  is  nssdsd  into  vbstbsr  a tsrgst's  natural  frs^usneiss  of 
■aebanieal  ote  illation  can  bo  aaesrtalaod  froa  tbs  seattarsd  slsetro- 
■agnatic  field. 

Tbs  audiaaes  also  eontributad  a faw  obsanratioas.  frot.  XaJ  Mittra  of 
tba  Unirarsity  of  XUinois  obsanrad  that  ona  sust  gat  staapad  in  tbs  subjects 
bafera  one  can  bars  tba  insights  to  ^ply  new  tachBiqjuao.  ?rof.  l.Y.  Jbll  of 
tba  Unirarsity  of  Iritisb  Celunbia  suggastad  that  nav  asepariaantal  tachniq^as 
ware  also  naadad.  Prof.  Piargiergio  Uslangbi  of  tba  Unirarsity  of  Illinois 
at  Chicago  Circle  suggastad  sararal  things  including: 

a.  ^plication  of  graph  theory, 

b.  sera  eoosidarations  in  tiaa  doaain, 

c.  applications  of  intagratad  optics, 

d.  basic  studies  of  tba  alaetroaognatie  properties  of  Baterials . ' 

Raflaeting  on  tba  course  of  tba  panel  discussion  as  vail  as  soae  of  his 

thoughts  in  orgaaisiag  tba  panel  tba  ebainaan  can  aaka  soaa  obsanrmtioos.  Zt 
■ay  saaa  a truian,  but  vertb  stating  anyway,  that  tba  Inportant  problan  is  to 
dafina  tba  problan.  lafara  the  alaetronagnatie  rasaareh  en—inlty  eaa  attanpt 
to  solve  a problan  they  nust  knov  vhat  tba  problan  is.  This  naans  that  aitbar 
tba  Air  Force  nust  pose  problans  to  tba  rasaarebsrs  in  vail  defined  natbanatieal 
toms  or  the  rasaarebara  viU  have  to  dig  out  the  problans  tbansalvas  by  verkiag 
on  real  Air  Forea  systan  projaets»  or  both.  Zn  ganaral  va  can  aapaot  that  only 
aona  of  tba  right  questions  bava  ba«i  asked.  The  ebaiman  baa  bean  sonsvtaat 


disappointed  in  that  rsssarchers  in  alectroaacnatie  seattcrinc 
reluctant  to  speculate,  and  wish  to  talk  alaost  exclusiYely  about  thinfs 
they  bare  worked  out  in  detail. 


PAMEL  OB  THE  STATE  OF  THE  ART  Or  SmCUUSITY 


AHP  EIGEBMODE  EXPAESIOM  METHODS 
Chairatn:  C.E.  teua,  Air  Force  Weeponi  laboratorjr. 

Prellalnarjr  to  :he  penel  me  a ect  of  four  papers  on  the  subject.  The 
first  Invited  paper  by  Profs.  C.L.  Dolph  and  R.  A.  Scott  of  the  University  of 
Michigan  (each  giving  a part  of  the  presentation)  entitled  "Recent  Developaenti 
In  the  Use  of  Cosplez  Singularities  In  Electrcaagnetic  Theory  and  Elastic  Wave 
Propagation"  was  a revlev  of  concepts  related  to  the  Singularity  Expansion 
Method  (SEM)  as  found  In  Batheaatlcs,  quantum  aechanlcs,  and  elastodynasd.es. 

This  was  an  attaint  to  expose  the  conference  participants  to  sosw  things  occurlng 
la  other  fields  of  possible  relevance  to  eleetroasgnetlc  scattering.  The 
second  Invited  paper  vas  that  by  the  chairman  entitled  "Tovard  an  Engineering 
Theory  of  Electroaagnetle  Scattering:  The  Singularity  and  Elgenmode  Expansion 
Methods"  which  concerned  the  state  of  the  art  from  the  electrosMgnetlc  point  of 
view. 

There  were  two  contributed  papers.  The  first,  presented  by  Or.  J.N. 
Brlttlnghaa  of  lawrence  Livermore  Laboratory  (coauthors  Drs.  E.K.  Miller  and 
J.L.  Willows ) entitled  "A  Technique  for  Obtaining  Simple  Poles  from  Real- 
Frequency  Information"  concerned  the  obtaining  of  natural  frequencies  from 
frequency  domain  (CW)  data.  The  second  presented  by  Or.  B.K.  Slngaraju  of 
Air  Force  Weapons  Laboratory  (coauthors  Or.  O.V.  Olrl  and  the  chairman)  entitled 
"Contour  Integration  Method  of  Evaluating  the  Zeros  of  Analytic  Functions  and 
Its  Application  In  Finding  Batural  Frequencies  of  a Scatterer"  eoncemed  new 
efficient  technlqdes  for  finding  natural  frequencies  from  seros  of  denominators 
such  as  sppear  In  the  moment  method  (MoM). 

Having  set  the  stage  with  the  more  formal  presentations  Involving  some 
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r«Ti«vs  wd  sem  ntv  dtrclopamts,  tta*  panallits  var*  ukad  to  (It*  torn  brlaf 
rvailu.  flgtawdts  war*  addrasaad  by  Dr.  F.N.  Tttclia  of  Seianea  J^licatlons, 
Xae.,  larkalty.  la  praatttad  aoM  aaBarleal  calculations  of  tha  alcanvaluaa 
(lapadanea  fora  ) of  tba  latacral  aquation  for  a thin  aira  la  NcM  fora.  Tha 
Tarlatlca  of  tha  al<anTaluas  la  tba  coaplax  fraquaaey  plaaa  ahoaad  tba  aapa- 
ratloa  of  tba  natural  fraquaaelaa  aecordlac  to  thaaa  alctalqadaacas.  Than 
?rof.  D.R.  VUtoa  of  tba  UblTarslty  of  Mlaslaolppl  coatlauad  this  dlseusslaa 
of  alfaoaodaa  with  tha  asaapla  of  tha  circular  loop.  Ha  ahoaad  hev  tha  na- 
tural fraquaaclaa  vara  groupad  la  thla  eaaa  and  how  tba  ayatbaala  of  natural 
fraq:aaeelaa  workad  la  this  eaaa  with  tha  alapUflcatloa  afferdad  by  tha  aral- 
labla  analytic  approxiaatloas  for  tba  circular  loop  preblaa.  la  also  polatad 
out  a way  to  ayatbaalsa  tba  coupUa«  eeaffieiaat  by  paylac  attantloe  to 
tba  fyaquaney  darlTatiwa  of  tba  alfaalivadaaca  tad  loadlat  lapadaaea. 

Fref . C-T.  Tni  of  tba  OtaiTarslty  of  Klehldaa  ralaad  tha  quaatlon  of  eea- 
potlac  laroa  as  wall  as  polos  la  ISf.  For  drlTlap  point  lavadaaeaa,  such  as 
la  tba  blecaieal  aataaaa  co  vbicb  ha  was  worklagt  both  ara  praaaat  aad  both 
should  ba  chacaetarlaad.  la  also  ralaad  tba  qnaatloo  of  tba  alfalflcaaea  of 
hlfbar^rdar  lajrara  of  polaa  aad  uadar  what  coaditloaa  tbay  al^  or  al<ht 
aot  ba  praaaat.  Fref.  Teai  SbuBpart  of  Auburn  OtalTarslty  could  net  ba  praaaat 
doa  to  aa  awarpaacy  aad  ao  forwardad  seas  wrlttaa  coaMuta  for  prasaatatloa 
by  tba  abalTMa.  la  addrasaad  tba  aeeurata  caleulatioa  of  tba  natural  fra- 
quaaelaa  of  aaattarara.  FOr  tbia  purpoaa  ha  eoasldsrad  a parfactly  coeduetlaf 
circular  eylladar,  aaar  and  yaralld  to  a parfactly  coadaetlac  frouad  plaaa. 

As  tbs  spaclaf  trem  tba  creuad  plaaa  appreaahaa  tha  radius  tha  results  baecM 
alfBifloaatly  la  arror  if  a ualfcra  currant  dlstrlbutloa  around  tba  cylladar 
is  asaoMd.  lewawar,  by  using  a curraat  dlstrlbutloa  eorraapoadlag  to  a tvo- 
vlra  tranvlaslea  lias  tbasa  arrora  appaarad  to  ba  ewarccM. 
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Another  subject  for  penel  discussion  ves  tbs  deterulnetlon  of  poles 
froa  ezpcrlaentel  date.  Prof.  O.L.  Moffett  of  Ohio  State  University  discussed 
the  application  of  Prony's  aetbod  to  scheaes  of  tercet  Identification.  Various 
practical  Identification  probleas  were  pointed  out  Includlnc  the  problea  of 
pole  aodlflcatlon  and  closely  spaced  aultlple  targets.  Or.  Andrev  Pogglo  of 
Lavrenee  Llveraore  laboratory  also  considered  Prony's  method  for  eharacterlzlnc 
transient  data,  such  as  obtained  at  their  Laboratory.  Be  discussed  soae  of 
the  sccuracy  probleas  such  as  found  In  the  higher  order  poles. 

Prof.  BaJ  Mlttra  of  the  University  of  HIIboIs  made  some  general  eoaaents 
about  soae  outstanding  probleas  In  SE4.  Be  eaphsslted  the  cot^llng  coeffl* 
dents  and  their  relation  to  the  entire  function,  l.e.,  vhen  is  an  entire 
function  reqiulredt  In  this  regard  he  presented  some  Ideas  about  other  ways 
to  construct  eoi^llng  coefficients  involving  the  numerical  and  asymptotic 
behavior  of  the  transform  of  the  Inverse  of  Oreen's  function. 


PAIEL  Oi  ntYEBSE  SCATTERniO 


Chalraan:  V.R.  Vcston,  Purdue  Unlrerslty. 

The  InrerM  ■cattering  problw  la  the  cbaracterlsatloo  of  the  structure 
of  aa  object  or  set  of  objects  froa  scattering  data. 

The  class  of  objects  are  as  foUovs: 

(1)  Isolated  staple  objects  vith  the  following  subclass  of  aaterlal  coaposltlon: 

(a)  perfect  conductors, 

(b)  dielectrics, 

(c)  coaposlte  aaterlals  and/or  absorbers. 

(2)  Multiple  objects  or  targets. 

(3)  Objects  In  a background  of  clutter. 

The  problSB  areas  associated  vith  Inverse  scattering  are; 

(1)  The  continued  derelopaent  of  techniques  or  aetbods  for  describing  the  shape 
of  a bodjr,  vith  the  aore  refined  details  to  scan  ^propriate  resolution. 

(2)  Means  of  description  of  vhat  set  an  object  belongs  to,  and  techniques  of 
discrlaination  between  sets. 

(3)  The  establislaent  of  the  ainiaua  maiber  of  aeasurwents  aecessarx  for  the 
classification  of  a set. 

W Vhat  set  of  shapes  have  tbs  saae  class  of  scattering  properties  where  the 

class  Is  SOBS  prescribed  set  of  asasureaents. 

(5)  The  relationships  between  the  natural  resonaneas  and  the  shape  of  a bodp, 
and  the  effect  of  the  Interaction  of  aoltlple  objects  upon  resonances. 

At  the  present  tiae  there  are  a nK^ber  of  groups  la  this  ceuntrjr  and  abroad 
sho  are  obtaining  partial  success  on  various  aspects  of  realistic  iawerae  scattering 
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problMS.  Tbtf*  •dr«iie*s  u*  due  Is  part  to  tbo  fset  tbst  • thtorotlesl 
crousdnork  has  slroody  boos  laid  osd  is  eostlsuall/  bolsc  oipaslod. 

Tho  paaol  roeoaonds  that  all  lavorao  oeattorlsc  toehslqiuos  that  hold 
tho  proBlao  of  bois(  ftultfUl  bo  pur«uod»  ohothor  tboy  bo  hi(li-firoq;iiOBex, 
low»frogisoae7t  tit  ili—ls  toetaalquos,  or  othorvlM.  Tho  Ttrlous  toehnlqiiioo 
will  aorro  to  eeaplMoat  oaeh  othor.  A phosotsologleal  approach  aslsg  alsglo 
or  ailtlplo  fIrogaoBeloa  or  tho  tlao-dotla  will  holp  to  doflso  sad  rosolwo 
aooslsgful  eharaetorlaties  tram,  thoao  which  aro  aBblgueus  or  uswastod. 

Tho  patl  raiiconds  that  a DOD  Data  Bask  bo  oatabltahad,  to  eoUoet 
eohoroat  data  of  tho  eoa^los  aeattorlag  ttrlx  of  laolatod  objoeta*  tltlplo 
objoeta  and  objoeta  la  eluttor.  Such  data  la  to  bo  eoUoetad  froa  aoaanrotata 
aa  Will  aa  frea  eoa^utatloes  which  aro  vorlflod  bp  oxporlaasta.  Oaeo  eoUoetod* 
tho  data  ahould  bo  orcaalsod  la  a ajratottle  aaaaor.  Tho  latloeal  Data  laak 
ahoold  olthar  tmmt*  tho  aoeoaaarr  data  or  eeatraet  It  out.  Thoao  data 
will  bo  OMfttl  for  paoplo  doing  work  la  dlroet  aeattorlag  aa  wall  aa  thoao 
delag  wertt  la  larorao  aeattorlag.  Poraoea  hawlag  a aood  for  tba  data  ahould 
hawa  aeeoaa  to  It. 

The  prlorltloa  of  tha  paaal'a  raeotandatloaa  aro  aa  foUewai 

(1)  latakUah  a 000  Data  laak 

(2)  XkToetlgata  tha  lawarao  aeattorlag  preblt  for  alaplo  objoeta.  Tho  prlorltloa 
la  eheealag  tha  typa  of  aatwlal  aro  to  bo  dotondaod  bgr  Air  Tereo  aooda. 

(Tha  order  of  dlffleal^  of  tha  lawarao  problaa  for  alaplo  ahapaa  aa  a 
fuaetlda  of  aatarlal  la  aa  foUowat  (1)  parfaot  eeadueter,  (U)  dloloetrle* 
(111)  eeapoalta). 

(3)  Xawaatlgata  tha  laworaa  aeattorlag  prOhlea  for  galtlple  targota.  . 

(li)  Ihraatigato  tba  larorao  aeattorlag  pregloa  for  targota  la  clutter. 


PAJIP.  OW  PBOPASATIOK  II  RAHPOM  AHD/OR  KOBUMIAH  MEDU 


ChaliMa:  N.  Nareurltz,  Polytaclmlc  Initltut*  of  H«v  York. 

Tb«  taaks  addrosaad  Iqr  this  paiMl  rolat*  to  th«  atatui,  outstanding 
problasM,  and  suggastad  aatboda  of  analysis  in  tha  ganarsl  sraa  of  alaetro* 
■agnatic  vava  propagation.  Bacsusa  of  insuffleiant  tlaa  for  discussion,  the 
foUoving  eossants  are  incos^lata.  As  an  orarall  raeoHiandation,  probably 
applicable  to  the  other  panels  as  veil,  it  is  suggested  that  seatings  of 
this  type  should  be  bald  on  an  annual  or  bi-smnual  basis  if  it  is  desired 
to  couple  tha  acsdsaie  and  industrial  coaninity  to  tha  current  status  of  pro- 
blaa  areas  of  interest  to  the  DOO. 

On  an  orerviev  note,  the  folloving  propagation  problasM  arising  in 
eoHninication,  sensing,  and  pover  transfer  applications,  vers  considered 
in  the  panel  discussions: 

A)  Ataospberie  Turbulence  (Optical  and  Microvave) 

Further  research  is  required  vben  the  arerage  background  and  correlation 
properties  of  the  ataospbere  are  both  inhomogeneous  and  nonstat ionary,  also 
vhsn  the  incident  signal  is  randoaly  modulated  by  noise  sources.  Of  parti- 
cular importance  for  sensing  applications  are  statistical  analyses  of  received 
phase  fronts,  scintillation  analysis,  and  effects  of  strong  atmospheric  fluc- 
tuations. An  open  problem  relates  to  methods  of  analysis  vben  scattering 
particle  site  is  co^arable  to  the  sensing  vavelength. 

B)  loDospherlc  Bclntillations  Ottcromave  and  TUT) 

Forvard  scattering  analysis  appears  to  be  in  a satisfactory  state,  for  the 
most  part,  but  many  difficulties  are  associated  with  the  self-consistent  calcu- 
lation of  the  correlation  properties  of  density  fluctuations  in  various  layers 
of  the  ionosphere. 
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C)  Scatf  ring  f*ro»  ltou«h  Surf>c»« 

Molt  of  thi  diffieultiia  cintir  around  aathodi  of  analyiii  of  aeattarinc 
froa  intaoao(an*aui  and  nonitatlonarjr  tjrpai  of  dlicontinuoui  eurvad  lurfaeai  aa 
a function  of  alia  paraaatara. 

D)  Randoa  Dlaerata  Scattarara 

Problaaa  raaaln  for  randoa  diitributiona  of  arbitrary  dlaerata  obataclaa 
whan  boundary  layar  af facta  ara  liq>ortaat  and  iriian  tha  lyataaa  ara  raloclty 
dapandant.  Alao  aora  aeeurata  aathodi  of  caleulatlona  of  2 point  and  hlghar 
corralatlon  propartlaa  of  tha  flald  ara  raqulrad  for  eaaaa  vhara  tha  rafraetlva 
Indax  of  tha  acattarara  dlffara  aarkadly  froa  tha  labadding  aadlua  and  ittan  tha 
acattarar  alta  la  not  larga  eoaparad  to  uavalangth. 

K)  INiyaaulda  Propagation 

Many  facata  of  tha  analyala  of  propagation  In  a varagulda  vharaln  tha 
aadlw  and  valla  hava  Inhoaoganaoua  atatlatlcal  propartlaa  poaa  unraaolvad 
problama.  Tha  ganaral  araa  of  diffraction  In  randoa  aadla  haa  not  baan  raally 

addraaaad. 

V)  llopllnaar  Wava 

lonoapharle  aodlfleatloe  at  high  alcrovava  powara,  tharaal  blooalng 
affaeta  (and  eorraetlona)  aaaoelatad  vlth  high  povar  laaar  propa^tlon,  and 
alao  dacoupllng  affaeta  of  blow-off  plaaaa  In  high  povar  anargy  tranafar  ara 
aaong  a aariaa  of  nonllnaar  problaaa  that  raqjuira  aalf-conalatant  aathoda  of 
aolutlon.  Tha  propagation  of  high  power  laaar  baaaa  through  ianaa  elouda 
and  Biata  by  creation  of  optical  chanaala  arising  froa  radiatlon«lndueed 
evaporation  of  eater  dropa  poses  a self-consisteot  problaa  of  eonsiderabla 
interest  for  optical  talacfunlcations . 

Oa  a aore  substantive  and  illustrative  note,  Itaa  A)  on  turbulaat 
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•Itetroaacnctic  prop«catloD  In  a neutral  ataoaphara,  vaa  the  only  area  the 
eoHlttee  discuased  In  any  detail  and  even  thla  wta  incoaplete  becauae  of 
Inaufflclent  tiae.  More  eoq>lete  theoretical  and  experimental  Information 
la  required  on  the  aYerage  and  2 point  correlation  propertlea  of  the  atmoapbe- 
rlc  dielectric  conatant.  Of  particular  Interact  are  atatlatlcal  Inhoaogeneoua 
and  non»atatlonary  behavior  eapeclally  In  the  lov  frequency  range  vh*reln 
"frozen  In"  aaaumptlona  are  frequently  uaed.  For  the  caae  of  an  extended 
Inhoaogeneoua  and  non«atatlonary  atmoapbere  the  problem  la  primarily  that  of 
determining  the  atatlatlcal  propertlea  of  a propagating  electromagnetic  wave 
cuch  aa:  average  complex  amplitude  and  phaae  aa  a function  of  alow  apace  and 
time  varlablea,  the  2 point  mutual  coherence,  aa  veil  aa  amplitude  and  phaae 
eorrelatlona,  the  4>polnt  correlation  In  real  apace-tlme  and  In  both  apectral 
apace  andalov  apace<-tlme,  etc.  The  fourtb-order  moment  (intenaity  correlation) 
la  of  particular  Importance  In  the  underatandlng  of  aclntlllatlona  cauaed  by  an 
external  medium.  The  nature  of  the  probability  denalty  function  • Log  loimal, 
or  Oauaalan,  etc.  - effecta  of  alow  apace  and  time  Initial  and  boundary  con- 
dltlona  on  wave  turbulence  problema  are  areaa  in  need  of  further  atudy.  Baek- 
icatterlng  In  a atrong  fluctuation  region  la  a problem  that  requirea  a better 
method  of  analyala.  Depolarization  and  croaa-fleld  polarization  metboda  of 
analyala  are  of  Importance  particularly  for  propagation  through  rain  (primarily 
at  allllawter  vavelengtba)  vbereln  acatterer  alze  and  wavelength  are  comparable. 

The  above  problema  evidently  fall  Into  two  broad  categorlea: 

1)  Obtain  experimentally  or  derive  theoretically,  data  on  the  atatlatlcal 
dlatrlbutlon  of  acatterlng  atrueturea  In  a background  medium  and  deter- 

mlnadeflnlng  eqpatlona  aatlafled  by  all  n-polnt  momenta  of  the  wave  field. 

2)  rind  metboda  of  aolutlon  of  the  n-polnt  moment  equatlona  (becauae  of  the 
lack  of  time  tbla  laat  category  vaa  not  dlacuaaed). 
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PAMP.  QM  RBiarE  sntsiiiG  or  ekvibohmeht 


Co-CtelrMn:  A.  lahlaaru,  Unirtrslty  of  Uasblncton. 

J.R.  Wait,  ROAA,  Uaivaralty  of  Colorado. 

Raaott  sanalnc  of  tha  aartb  •nYlrooMat  by  alactroucnatic  leattarlnc 
taehnlq.ut  has  bcccac  lncr«aain(ly  laportant  bacauat  it  providas  a nav  tool 
in  tha  study  of  tha  atructura  of  tha  anYiroosant  and  its  affacts  on  eonninica- 
tion,  targat  dataetion,  classification  and  tracking.  In  ganaral,  alaetrrig- 
natie  rsaota  sanaing  raquiras  tha  folloving  considarations: 

(1)  Datamination  of  ralationshipa  batvaan  tha  dasirad  anYironnantal  inf  or- 
nation  and  its  alactroaagnatic  propartias. 

(2)  Dataraination  of  tha  ralationshipa  batvaan  tha  alactroaagnatic  ^opartias 
of  tha  aadiuB  and  tha  aaaaurabla  q^antltiaa. 

(3)  Choiea  of  appropriata  aansors  and  aaasuraaant. 

(U)  extraction  of  tha  dasirad  Infomation  froa  aaasurad  data  by  InYarslon, 
Itaratlon  or  othar  tachnlq^aa,  and  arrw  analysis. 

In  this  raport,  va  prasant  a brlaf  account  of  tha  abora  araas  vlth  aaphasls  on 
our  prasant  stata  of  tha  art  and  futura  naads.  Wa  eoosldar  tha  following  thraa 
araas  of  tha  anrlronaanti  ats»spharlc  and  ionospharic  anTironaant,  ocaan  and 
land  surfaeas,  and  subsurfaea  anYironaant. 

Tha  ralatlonsblps  batvaan  tha  anYironaantal  Inforaation  and  its  alactro- 
aagnatle  propartias  haw  baan  studiad  axtansiwly.  la  tha  ataosphara,  valoeity 
fiald,  ta^aratura,  hualdlty,  alaetron  dansity,  gaosMgnatie  fiald,  rain  drop 
sitas,  fOg,  ate.  haw  baan  ralatad  to  tha  rafTaetiw  ladax  fiald,  tha  absorption 
and  seattarlag  eharaetaristics,  ate.  for  ocaan  and  land  surfaeas,  saa-stata, 
fOsB,  spray,  vbita  cap,  lea  typa,  snow,  wind  wloelty,  vagatation,  traas  foliaga, 
crop  typa,  growth  staga,  soil  typa,  ate.  hava  baan  ralatad  to  tha  seattaring 
eharaetaristics  of  tha  aorfaea.  For  subsurfaea  anvlrnrasant,  tsnparatura,  pras- 
sura,  alnarals,  lea,  aolstura  la  rocks,  ate.  haw  baan  ralatad  to  eonduetlTlty, 
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dlcltctrlc  conitant,  and  panMability  of  the  aedlua.  These  studies  should 
be  extended  to  cover  a vide  range  of  frequencies,  polarisation,  incident  angles, 
and  various  nedla.  It  is  desired  to  conduct  fui*ther  study  systeaatlcally  so 
that  the  results  nay  be  applicable  to  a vide  range  of  practical  probleas.  For 
exaaple,  very  little  is  known  about  the  frequency  dependence  of  the  constitutive 
properties  of  geological  aaterlals.  Such  dispersive  effects  play  a najor  role 
in  deteralning  pulse  shapes  for  through-the-earth  transaissiona . 

The  dstsrainatlon  of  relationship  between  the  electr Magnetic  properties 
of  the  Bsdlua  and  the  aeasurable  quantities  requires  eztaasive  theoretical 
study.  Xn  the  ataosphere,  aost  theoretical  studies  are  based  on  single  scat- 
tering theory.  They  have  been  used  for  optical,  alerowave  and  acoustic  radars  in 
weather  forecasting,  weather  aodifleation,  pollution  studies,  stem  warning, 
air  traffic  safety,  and  other  applications.  However,  there  are  situations  such 
as  dense  clouds  and  heavy  rain  which  require  a study  of  Multiple  scattering 
effects.  Also,  radioaetrle  techniques  of  deteralning  rain  attenuation,  tss^e- 
rature,  etc.,  need  to  be  expanded  to  include  aultlple  scattering.  In  addition 
to  single  scattering  theory  noraally  used  in  pulse  studies,  there  is  a need  to 
include  pulse  propagation  for  Multiple  scattering  in  strong  fluctuation  regions. 

In  ocean  and  land  surfaces.  Most  studies  are  nade  on  the  basis  of  perturbation 
theory  and  Kirehhoff  approxlMatlons.  In  sone  eases,  such  as  grating  incidence, 
strong  interaction  between  waves  and  surfaces  occur  slailar  to  Multiple  scattering 
effects,  and  this  needs  to  be  exanined  nore  fully.  The  iateraetion  of  the  surface 
and  the  incident  pulse  needs  to  be  clarified.  Iffeets  of  antenna  to  aedlun 
coupling,  surface  iUuMlnation,  spatial  and  tsHporal  surface  variations  need  to 
be  studied  further. 

In  the  subsurface  emriroBMent,  considerable  studies  on  subsurface  wave- 
guides, pulse  propagation,  and  effacts  of  inhOMOgeoeities  have  bean  aade. 
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Howrtr,  further  studies  ere  needed  on  the  scstterinc  fros  objects  or  Inho- 
■ogsneitles  tabedded  In  hoaoseneous  or  inhoaogeneous  aediua,  either  deteral- 
nlstle  or  rsndoa.  This  study  aust  be  extended  beyond  the  first  order  pertur- 
bation solution  usually  used  at  present.  It  should  also  Include  the  effects 
of  anisotropy  sad  polarlzatloo.  Of  particular  Interest  Is  the  scattering  of 
Tolds  and  alr-flUed  tunnels  In  the  earth  froa  surface  based  probes. 

Many  experlaental  techniques  hare  been  used  In  reaote  sensing.  Including 
Ildars,  radars,  acoustic  sounders,  scatteroaeters,  altlaeters,  radloaeters, 
laaglng  radars,  holographic  techniques,  etc.  Nev  techniques  and  sensors  nay 
be  needed  Including  data  processing  capabilities. 

Extraction  of  the  desired  Inforaatlon  froa  the  aeasured  data  Is  relatively 
slsQile  In  scae  cases  such  as  radar  observation  of  the  ataosphere.  Bovever,  In 
aany  eases  the  aeasureaent  error  Is  greatly  sapllfled  In  the  process  of  extracting 
the  desired  Inforaatlon.  This  1s  an  Ul-posed  problea  and  the  use  of  detensl- 
nlstle  or  statistical  Inversion  techniques  are  needed  to  obtain  a stable  solu- 
tlcB.  This  also  yields  an  estlaate  of  the  errors  Involved.  Recently  a great 
deal  of  progress  has  been  aade  on  various  Inversion  techniques.  However,  there 
Is  a need  to  further  refine  or  slapllfy  the  Inversion  theory  so  that  It  can  be 
Boro  readily  applicable  to  a variety  of  practical  probleas. 

We  note  boro  that  great  progress  has  been  aade  In  other  countries,  parti- 
cularly In  the  Soviet  Union,  on  the  aultlple  scattering  theory  and  the  Inver- 
sion theory.  In  tens  of  the  nuaber  of  scientists  and  their  research  outputs, 
the  Soviets  are  very  aueb  on  a par  with  the  U.t.  and  In  sosm  areas  they  are 
clearly  ahead.  It  Is  desired  that  concerted  efforts  be  aade  by  U.S.  scientists 
to  aalntaln  or  gain  a leading  scientific  role  In  this  area. 

Xt  should  be  recognised  that  his  report  was  prepared  with  Inputs  froa  In- 
dividuals who  attended  the  Rational  Conference  and  who  are  Interested  in  reaote 


■•nslng  of  th*  onTlronaMt.  Tiac  llaltatlon  did  not  porait  ui  to  obtain  adrlea 
froa  aany  otbtr  exports  in  roaots  ssnslnc  who  could  not  attend  the  latlonal 
Conference.  The  reader  of  this  report  should  also  be  aware  of  the  excellent 
report  on  "Ileaote  Sensing  of  Observables  la  Oeophyslcs"  by  J.R.  Walt  In  the 
Proceedings  of  the  R3F  workshop  on  "Puture  Directions  of  nsctroaagnetlcs  of 
Continuous  Media",  Oeeeaber  1972.  Many  of  the  reeoaaendatlons  contained  In 
that  report  are  still  relevant  today. 


PAHP.  OH  AMTOmAS 


Chalmn:  C.T.  TAi,  Th«  Unlwralty  of  Michigan. 

Tba  panal  Mabara  contaetad  aavaral  partieipanta  at  tba  Confaranea 
aaklng  than  or  tbalr  coUaaguaa  to  prapara  a liat  of  prdblaaa  la  tha  aatanna 
araa  which  ara  conaidarad  to  ba  aignlflcant  for  tha  futura  adYaacaaant  of 
antanna  tbaory  and  taehnologjr.  Moat  of  tha  paopla  contaetad  by  tha  awbara 
of  tha  panal  hava  gracioualy  raapondad.  nia  problaaa  or  tha  opiniona  azpraaaad 
by  thaaa  paraonaa  and  by  tba  panal  Mabara  ara  llatad  balov. 

A.  Raaaarch  Araaa  in  tha  Fiald  of  Antannaa 

Oiorgio  Franeaaehattl  • Univaraity  of  Illinola  at  Chicago  Clrela, 

1.  Tranaiant  radiation  froa  antannaa 

It  ia  rathar  aurprlalng  that  rigoroua  analytical  aolutiona  for 
tranaiant  radiation  from  natal  antannaa  ara  alaoat  noo-axiatant.  Prac* 
tically,  only  tha  infinltaly  long  cylindrical  antanna  baa  baan  thoroughly 
atudlad.  On  tba  contrary,  a larga  and  ataadlly  ineraaaing  body  of  papara 
ia  balng  publlahad  on  nwarical  aatboda  of  aolutiona.  Accordingly,  it 
aaaaa  to  ba  rathar  Important  to  hava  aoaa  canonical  nroblan  of  tranaiant 
radiation  for  which  a rigoroua  aolution  la  avallabla.  Poaaibla  caaaa  ara 
tba  following: 

1.  tha  apbarieal  antanna 

il.  tha  aphatoldal antanna  (Halting  eaaa:  tba  tbln  wlra) 
ill.  tba  bieonleal  antanna. 

2.  MtiUpg  fr?i  rtwrtvff 

Tba  prbblaa  of  tranaiant  radiation  froa  truneatad  guiding  atrueturaa, 
aa  opan  andad  waraguidaa  and  boma,  ia  eartalnly  aoat  laportant  froa  tba 
i^plieatioa  point  of  wlaw.  Vban  tba  guiding  atruetura  ia  uaad  aa  a pri* 
aary  radiator  of  a raflaeter-typa  antanna,  it  would  ba  highly  daalrabla 


to  Imrt  rclialil*  expressions  for  the  redleted  field  in  n vide  enculer 
Tsristion  of  the  phsse  center  of  the  field.  It  is  retber  obvious  that 
the  sperture  inteerstion  Mthod  coupled  with  Kirehhoff  epproziastion  is 
s retber  uasetiofsetory  epproeeb  to  this  problea,  since  its  validity  is 
liaited  to  snail  angular  region  close  to  tbe  axis,  lev  approaches  should 
be  developed  able  to  take  into  account: 

i.  aperture  site  and  fora, 

ii.  flare  angle, 

iii.  rin  loading. 

3.  Transient  radiation  froa  apertures 

Coaxial  apertures  could  be  a rather  effective  vay  for  radiating 
transient  signals,  since  tbe  pulse  propagating  along  tbe  cable  is  not 
deforaed  along  its  way  to  tbe  truncated  end.  Rigorous  theory  of  tran- 
sient radiation  can  be  developed  once  a rigorous  steady  state  solution 
is  available  (see  sec.  2).  Tbe  theory  should  take  into  account: 
i.  coaxial  aperture  geoaetry, 
ii.  interaction  betveen  inner  and  outer  ria. 
b.  Tiaed  arrays 

Tbe  theory  of  phased  arrays  is  nov  veil  established.  In  a crude  vay, 
one  can  say  that  tbe  radiation  diagraa  can  be  shaped  and  steered  by  con- 
trolling tbe  phase  distribution  across  a niaiber  of  (essentially  aonoebro- 
aatlc)  radiators.  If  BiUi  niAlators  are  used  instead  of  aonoebrcaatle 
ones,  tbs  radiating  properties  of  tbe  army  can  be  controlled  by  changing 
the  tlae  distribution  of  radiating  pulses  across  tbe  radiating  elwents. 
This  type  of  array  can  then  be  nsasd  "tiaed  array". 

It  Is  obvious  that  tbe  design  of  a tiaed  array  should  take  Into 
aajor  eoaalderatloa  tbe  coding  of  tbe  signal.  Major  areas  of  study  seea 
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to  b«  tbt  foUoving: 

1.  analyala  of  array  parforaanca, 

11.  ayntbaili  procaduraa, 

111.  Influaaea  of  tba  eodlnc  In  tha  array  parfomanea. 

5.  totanna  and  anrlronaant  counllna 

Tba  ttudy  of  tranalant  radiation  In  dlsparalra  nadla  la  laportant 
froa  aead«le  and  appllcatlona  point  of  vlav  aa  vail.  Hav  vaya  of 
anTlrooaantal  dlacnoala  and  aonltorlnc  could  ba  antic  Ipatad  vhan  tba 
tranalant  radiation  aac banian  la  vail  undaratood.  Araaa  of  atudy  aaaa 
to  ba  tba  foUovlnc: 

1 .  a^Mrleal  antannaa  • 

11.  tpharoldal  antannaa, 

111.  loop  antannaa. 

It.  blconleal  antannaa 
In  dlapartlva  loaalaaa  and  loaay  nadla. 

B.  Scaa  Important  Antanna  Problaaa 

T.T.  Lo,  Unlvaralty  of  XUlnola  at  Urbana>Cbaapal(n. 

1.  Miltlpla^baan  antannaa 

2.  Abarratlon-corraetad  raflaetora  and  lanaaa 

3.  Aniaotrople  affaet  of  artificial  dlalaetrlea  and  aatbod  of  Ita 
eorraetlon  In  lana  dcaiga 

b.  Daralopaant  of  truly  laotreple  and  polarlaatlon»lndapandant  artificial 
dlalaetrlea 

5,  Tbaory  of  artificial  dlalaetrlea  vltb  randoaly  dlatrlbutad  aeattarara 

6.  Natbod  for  produelag  hlfb  unlfnalty  of  bulk  randoa  artificial  dlalaetrlea 
T.  Daraloiaant  of  rallabla  lov  loaa  and  lev  coat  pbaaa  ahlftara  for  allU- 

aatar  «id  alerowaTaylwaad  array  applleatloe 

Ob. 


8o««  Tuturt  Dlrgetloni  for  Ant«nn>  Itetwch 

P.E.  Mijrtt,  University  of  Illinois  st  Urbens-Champslcn . 

The  aost  obvious  ones  are  sssoelsted  with  th*  rscsntly  developed 
tecbaolocr  of  coaputers  end  solid  state.  Continued  efforts  In  nvaerlcal 
analysis  of  antennas  and  antenna  systeas  should  Include  reforaulatlons  of 
the  aatheaatleal  aodels  for  s»re  efficient  coaputatlon.  While  recognising 
that  the  results  vUl  be  short  of  alraculous,  the  aerglng  of  solld>state 
aaterlals  and  radiating  elaaents  should  continue  to  produce  soae  useful 
results.  The  coablnatlon  of  electric  (dipole)  and  aagnetlc  (loop)  elaaents 
la  a single  antenna  provides  a sMthod  of  producing  directive  gain  la  a ms  11 
antenna  with  alovly-varyiag  laqtedaace.  Such  antennas  nay  work  well  In  the 


standing  wave  field  caused  by  nultiple  reflections  and  aore  work  is  needad 
la  evaluating  antenna  perfomaace  in  non-ideal  conditions. 


Wdiki. 


Gordon  A.  Taylor  and  Whyne  S.  Haawnd,  Boeing  Aerospace  Coapaay 


The  design  of  aircraft  to  achieve  soae  desired  level  or  character  for 
the  radar  cross  section  (RCS)  any  oltlaately  be  governed  by  ths  scattering 


from  the  various  antennas  on-board.  Soae  of  the  aore  proalnent  problans 
In  this  area  are  listed  below. 

1.  Broadband  Antennas  - 1 to  T Octaves: 

Low  Gain  Fixed  Beaa  - These  antennas  are  fregoently  employed 


tor  BCM  systsaa  and  are  not  aaenable  to  treataent  with  any  "tuned" 
or  narrow  band  treatasnts.  Technlqiaes  such  as  ^rture  sh^lngt 
edge  treatasota,  aetlve  (pulsed)  aperture  control  end  tenalnatlon 
lapedanee  aodlflcatlons  are  among  the  aethods  which  should  be  explored. 
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StMrabl*  - Tlwa*  antannas  art  tlallar  to  tha  abora  but 


ara  usually  blcbar  In  gain  and  eonaaquantly  say  ba  ataarad  or 
a avlteh  aultipla  antanna  aebasa  uaad.  Tha  daalgn  prdblaaw 
ara  eatr^oundad  If  any  pbaaa  or  fraquancy  aeannlng  eoneapta 

ara  uaad. 

Monopulaa  - Tbara  ara  aararal  applicatlona  for  broad* 
band  DF  or  boalng  antannaa  on  low  RCS  vahlelaa.  Thara  raquira- 
■anta  ara  not  Incoapatibla  but  aora  axtanalva  raaaareb  naads  to 
ba  eonduetad  to  azaalna  truly  low  RCS  eoncapts  sultabla  for 
■ultl-oetawa  oparatlon. 

11.  Varrovband  Antannaa  («1  oetara): 

Arrays  - Tha  forward  aapaet  aeattarlng  for  aany  allltary 
aircraft  nay  ba  significantly  Influancad  by  tha  prasanea  of  largo 
array  antannaa.  Natbods  to  astlaata  and  control  tha  RCS  froa  tha 
rarloua  array  typas  nust  ba  darisad. 

2.  Ojmaral_uto^a_Qobla||B 

Tha  following  antanna  problaas  hawa  baan  idantlflod  as  In  naad  of 
solutions: 

I.  Ugh  Gain  lardanad  Antannaa  - Vhat  la  tha  bast  taehnlq^a 
of  hardanlng  high  gain  antannaa? 

II.  Largo  Apartura  Daployahla  Raflaetors  • Vhat  ara  tha  llal* 
tatlons  on  altos  of  daployahla  raflaetors  such  as: 

a.  Oaodaale  trust  (Oanaral  Dyntalea) 

b.  UMbralla  (larrlt  Radiation,  Xne.) 

e.  naxlbla  Rib  (Loekhaad  Nlttllaa  and  Spaea  Dlrlalon) 

III.  A Ring  Array  has  tha  adwantata  of  balog  low  proflla  with 

■ 99  pareant  eowaraga  to  *9  db.  Vhat  taobnlq^aa  can  bo  aaployad 


to  broadtead  this  capable  antenna  lyatenT 

It.  lareatigate  tecbnlquea  of  prorldlnc  conatant  beamldth 

radiation  froa  a large  aperture  broadband  antenna. 

T.  Oerelop  a broadband,  eonforaal,  high  aceux'acy,  anti- 
radiation  homing  antenna  for  hypertonic  aittile  applicatlont. 
Determine  performance  effecta  due  to  theraal  ablation  effecta 
aa  a function  of  frequency  and  look  angle. 

y1.  Correlate  near  field-far  field  pattern  aeaauraaent  by  ana- 
lyaia.  latabllah  aecuraeiea  required  and  fundaaental  lialtationa 
due  to  ^erture  alxe,  probe,  coupling,  etc. 

Tli.  Analyte  the  beat  vay  to  proTlde  aide  lobe  lerel  control 
while  acanning  large  aperture  beaaa. 

Till.  Vhat  techniquea  aay  be  uaed  to  harden  aatellite  antennaa 
againat  later  radlationt 

ix.  What  techniquea  can  be  uaed  to  coapenaate  for  in-flight 
dlatortlona  (due  to  thermal  and  solar  vlnds)  of  large  aperture 
antennast 

X.  Prepare  a ccaplete  set  of  scalar  design  curres  - Include 
gain,  beeavldth,  and  side  lobe  lerel  ts.  dlaensions. 
xi.  Is  there  a fundaaental  Halt  of  gain,  bandwidth,  and  elec- 
trical siasT  Is  there  a way  to  look  at  a giTwn  set  of  requireawnts 
to  detwraine  if  each  ia  achlerablet 

xil.  baaiae  the  null  sharpness  and  ccaponent  bandwidth  lapaet  on 
adaptire  array  antenna  for  BXN  or  clutter  rejection, 
xiii.  Derslop  analysis  techniques  for  arrays  with  strong  eleaent 
ecupHng  for  high  efficiency  aulti-bsM  syataas. 
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xlT.  Ac  loTcstlgstlon  of  near-flcld  sldclob*  actlvlt/  and  Ita 
ralatlon  to  leattarlng  fron  surrounding  structuras,  for  diffarant 
antannas. 

XT.  Daralop  Bultl-purpoaa  antanna  eoneapts  suitabla  for  raduclng 
ttaa  total  nuBbar  of  antannas  on  an  airplana. 

I.  Sunxastad  Tonics  in  Basle  Taehnoloer  In  tha  Maid  of  Antannas 
R.V.P.  King,  Harvard  Unlvarslty* 

L.C.  Shan,  Unlvarsltp  of  RouatoB* 

0. C.  Chang,  Unlvarslty  of  Colorado, 

R.V.  Burton,  Baval  Postgraduata  School* 

1.  Baealvlng  and  aeattarlng  propartlas  of  ■IssUa-llka  structuras. 

Whan  a possibly  alactrically  long  ■atallie  struetura  Is  axposad  to 

an  Ineldaet  alaetroaagnatic  flald,  possibly  significant  fields  can  pans- 
trata  Into  tha  interior  tbt  -gh  slots  or  other  i^arturas  including  Joints. 
Thasa  nay  ba  aost  intansa  vhan  tha  flald  is  fhr  fron  nonsal  incldanca. 

This  problaa  should  ba  studied  over  a vide  freq[uaBcy  range. 

2.  Antannas  for  aircraft  designed  to  have  the  required  directional  pro- 
partlas vlth  a nlniauB  contribution  to  the  scattering  cross  section. 

3.  Bara  and  Insulated  antannas  la  and  over  the  surface  of  tha  earth,  sea, 
etc.,  as  directional  traasnlttars,  raealvars  and  scattarara.  Specific 
applications  Include  directional  subsurface  and  Barer aga-typa  cosBualcatlon 
systasM  and  scattering  frea  low  flying  aircraft  whan  lllunlnatad  froa  above, 
k.  Tha  generation  of  prescribed  steady-state  and  transient  fields  In 

test  areas  of  slnulators.  Tha  generation  of  a plane-wave  front  Is  of 
particular  Interest. 

5.  Traasalttlag  and  scattering  propartlas  of  aovlng  and  vibrating  aetal 
struetures. 
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6.  Antennas  on  aircraft  aads  of  coaposite  aatcrial.  This  Is  of  par- 
ticular Interest  In  conjunction  with  the  rr—nn1y  used  slot  antennas. 

7.  Transient  properties  of  antennas  Ineludlnc  antennas  with  Junctions. 

F.  Beco—endatlons  for  Antenna  Research 

R. J.  MalUoux,  Eleetrcascnetlc  Sciences  Division,  Deputy  for  Xlectronacnetlc 
Technolocy,  Rcae  Air  Develppaent  Center 

1.  Interaction  of  antennas  with  their  environnenti  the  earth,  aircraft, 
spacecraft,  nan-pack,  confonal  antennas. 

2.  Mutual  eoupllnc  and  edee  effects;  analysis  of  finite  arrays. 

3.  Llnlted  sector  scannlnn  arrsra 

I.  Synthesis  of  overlapped  subarray  techniques  for  low  sldelobes 
sad  llnlted  sector  scanning 

II.  Antenna  techniques  for  United  sector  scanning 

ill.  Reflector  and  lens  techniques,  synthesis,  and  notching  for  low 
sldelobes  with  Halted  scan  capability. 

U.  Studies  of  basic  new  elenents  and  tbelr  scanning  properties  (alcrostrlp, 
strip-line). 

S.  Studlns  of  elenents  with  dual  and  nultiple  frequency  capability.  Studies 
of  scanning  properties. 

6.  Techniques  for  adaptive  control  of  radiation  patterns,  null  steering, 

8/1  optlalsation,  etc. 

7.  Antenan^adone  studies  including  Integrated  deelga  approeebes  for 
antennas  and  arrays  la  eylladrlcal,  spberleal,  conical  and  other  charaeter- 
istlc  shapes. 

8.  Spatial  filter  studies  for  sldelobe  suppreesicn.  Synthesis  ualag  layered 
dleleetrle  radeaes  and  aetallle  sratlag  structures. 
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9<  Studies  of  broadband  antennaa  and  research  Into  tine  dosala  analytical 
techniques  for  antennas  and  systeas  excited  with  short  pulses. 

10.  Research  Into  ultlaate  achievable  sldelobe  levels  as  a function  of 


I 


antenna  type  and  confl(uratlon  as  veil  as  array  size,  tolerance  and  phase 
control  variation  effects  and  the  influence  of  autual  coupllnc. 

11.  Studies  of  lov-sldelObe  aultlple  beaa  synthesis.  Studies  of  aultiple 
beta  synthesis  with  sldelobe  constraints  over  Halted  sectors.  Application 
to  satellite  antennas  lUualnatlnc  earth. 

12.  Studies  of  the  Interrelation  of  ''eed  avltehlnc  netvork  hierarchy  and 
eoaplexlty  vs.  the  nuaber  and  flexibility  of  aultlple  beeas  that  can  be 
foraed. 

13.  Studies  of  deslfn  and  construction  techniques  for  lov  cost  Integrated 
antennas,  especially  array  eleaent«phase  shifter  eoabinatlons  that  are 
produced  by  photollthograpblc  techniques. 


0.  Reeds  for  Radiation  and  Bcatterinx  Prediction  Connected  vlth  Antennas 

WlUiaa  F.  Bahret,  Air  Force  Avionics  Laboratory, 

Air  Force  Wright  Aeronautical  Laboratories 

This  letter  Is  to  docuaent  needs  for  rsdiatloo  and  scattering  prediction 

connected  vlth  a..denaas.  The  vlevpoiat  here  Is  that  of  a direct  user,  as 

veil  as  that  of  an  organisation  vhleh  provides  technical  support  and  coo* 

sultatioo  to  gOTsmasnt  sad  industrial  groups  responsible  for  aajor  aystaa 

design.  A aon*trlvlal  cooaideratioo  in  the  vork  of  the  latter  groups  is 

that  pradletioo  asthods  aust  be  aaenable  to  use  by  personnel  far  rsaoved 

froa  the  aoadsaic  dedication  to  excellence  in  a relatively  narrow  field. 

leads  for  prediction  of  satenaa  radiation  range  froa  patterns  for  an 

isolated  elsasot  to  those  of  the  aost  Intlaately  coupled  elisnt /vehicle 
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gtoBCtrici.  ECM  and  lov  frequency  antennas  being  generally  lov  gain 
types,  share  the  problem  that  the  host  vehicle  exerts  strong  Influence 
on  radiation  frea  the  ensemble.  Therefore,  optimising  the  choice  of 
antenna  and  location  on  a body  involves  the  iteration  of  both.  This 
is  far  easier  and  faster,  in  principle,  through  computational  techniques, 
whatever  they  may  be. 

Another  need  is  for  prediction  of  mutual  coupling  effects  between 
antennas  on  complex  bodies.  Understanding  and  control  of  coupling  is 
frequently  the  dominant  conaldaration  in  BCM  systems  which  must  receive 
and  retrannlt  a broad  range  of  hostile  signals,  as  an  example.  Yet  most 
design  is  done  on  a eut-and-try  Mpirical  basis  today,  lesdlsss  to  say, 
the  developmmit  of  materials  and  techniques  for  control  of  coupling  has 
suffered  in  the  process.  Rot  to  be  over  looked  is  the  lack  of  confidence 
which  system  designers  have  in  s«ich  an  unpredictable  "art". 

Last  but  not  least,  the  radar  scattering  from  antennas  must  be 
predicted.  Clearly  arbitrary  illumination  - frequency  and  polarisation  • 
as  well  as  arbitrary  viewing  angle  are  involved.  Because  of  the  wide 
range  of  freq^eneies  which  are  of  interest  (100  to  20,000  NHs),  antenna 
slse  varies  from  very  ■all  to  very  large  In  terms  of  wavelengths. 

At  higher  frequencies,  where  lobe  structure  is  reasonably  fine,  the 
first  priority  Is  to  detsimlne  median  (fifty  percentile)  values  of  radar 
cross  section  over  say,  five  to  ten  degree  Intervals  of  vlewlag  angle. 

At  the  low  wd  of  the  teale,  collate  pattern  detail  Is  necessary  since 
a single  lobe  may  cover  many  degrees.  Of  course,  a detailed  pattern  Is 
the  ultimate  desire  la  either  esM. 

fredletlng  scattering  la  essmtlal  to  the  incrMslngly  important 
requlremsat  for  signature  control.  Beyond  the  ismedlate  use  for  selectimi 
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of  ant«m«  typoa  which  inharantly  prorld*  lovwr  echo,  prediction  capa- 
bility will  also  peralt  deai(n  of  new  antennaa  idilch  slaultaneously 
satisfy  both  radiation  and  reflection  requireaents. 

I.  Seas  Outstaadina  Prbblsas  in  Antennas 
C.l.  Walter,  The  Ohio  State  University 
!•  Antenna  shape  synthesis 

Directly  solve  for  an  antenna  geoaetry  that  satisfies  a specified 
set  of  characteristics,  e.g.,  bandwidth,  effieiancy,  slse,  etc. 

2.  Broadband,  disperslonless  antennas 

lew  concepts  for  low  loss,  disperslonless  antennas  are  needed  for  tlae 

dcaain  systeas. 

3.  What  ere  fundaaental  liaitatlons  of  a saall  antenna  when  in  the  pre- 
sence of  a support  structure  or  nearby  aaterial  body?  Antenna  on  a 
coaposite  aaterial  aircraft  is  a good  exeaple  of  a new  problea. 

it.  Optlaisation  of  excitation  of  a aiven  structure,  such  as  an  alrfraae. 

Develop  a procedure  for  selecting  the  best  elaaent  type,  niaiber  of 
eleaenta,  and  locations  of  elsaents  to  excite  a given  structure  to  achieve 
a given  set  of  speclflcaticns. 

I.  Basie  Antenna  Besearch 

Cben-To  Thl,  The  University  of  Nlehigan 

1.  Transient  response  of  antennas 

Canonical  probleas:  bieonieal  antenna,  waveguide  tarainated  by  eon- 
ducting  screen. 

2.  Chameterirties  of  natennns  in  the  nresenee  of  Xoisy  jphtrieU  earth, 
rock's  theory  should  be  delineated  into  a acre  practical  fora. 
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3.  Flnlt«  — thodi  applltd  to  P<  boundary  valua  problw 


Tbt  rtccnt  work  of  K.K.  Hii  ha>  op«n«d  up  a new  area  in  IX  reiaarch. 
The  adTtncaa  of  tparaa  aatrlz  taehniquas  could  aid  conaldarably  In  the 
davelopaent  of  this  raaaarch. 
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